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Chapter  IV: 
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b)  Page  I V - II,  para.  3,  .  .  .of  44  ppm  (vol).  The  result  of  our  assessment 
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Chapter  VII: 

a)  Page  VI 1-3,  add  the  following  reference: 

Marsh,  J.  E.  and  T.  H.  Nash  III.   1979. 
Four  Corners  Power  Plant  in  New  Mexico 
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TABLE  VI-13 

Values  of  Blue/Red  Ratio,  Plume  Contrast,  and  Color 
Difference  Parameter  (DELTA  E)  for  Different  Line  of 
Sight/Plume  Angles 


BACKGROUND  VISUAL  RANGE  =  200  km 
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135 

150 

B/R  Ratio 

0.935 

0.921 

0.925 

0.976 

0.930 

0.925 

0.921 

Contrast 

-0.030 

-0.027 

-0.014 

-0.018 

-0.017 

-0.014 

-0.027 

Delta  E 

3.193 

3.522 

3.150 

2.640 

2.771 

3.150 

3.522 

BACKGROUND  VISUAL  RANGE  -  150  km 
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B/R  Ratio 
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0.956 
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0.945 

0.937 

0.919 

0.956 

Contrast 

-0.024 

-0.024 

-0.020 

-0.017 

-0.017 

-0.020 

-0.024 

Delta  E 

2.311 

2.926 

2.767 

2.316 

2.535 

2.767 

2.926 
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I.       C-b  BACKGROUND   INFORMATION 
1.0     Overview  of  the  Project 

The  Cathedral   Bluffs  Shale  Oil   Project   is   a  joint  venture  of 
Occidental   Oil  Shale,   Inc.   (OXY),  a  wholly  owned   subsidiary  of  Occidental 
Petroleum  Corporation,  and  Tenneco  Shale  Oil  Company,   a  wholly  owned  subsid- 
iary of  the  Tenneco  Oil   Company.     The  C-b  Oil  Shale  Project  began   as  a  joint 
venture  of  Ashland  Oil,   Inc.,  Atlantic  Richfield,   TOSCO,  and  Shell  Oil 
Company.     The  joint  venture  was  organized  to  acquire  the  Federal   Oil  Shale 
Lease  Tract  C-b,   under  Lease  C20341  from  the  United  States,  and  to  develop  the 
reserve  subject  to  the  lease.     The  lease  was   acquired  effective  April    1,   1974 
for  a  competitive  bonus  bid  of  $117,788,000.36.     The   lease  grants  the  ex- 
clusive right  to  mine  and  process  oil   shale  from  the  approximately  5,094  acres 
contained   in  the  Tract.      In  the  spring  of  1975,   TOSCO  and  ARCO  both  withdrew 
from  the  venture  and   subsequently,  on  November   2,   1976,  Shell   Oil   Company 
withdrew  from  the  C-b  Oil  Shale  Project.     On  November   2,   1976  Ashland  Oil, 
Inc.   announced  the  formation  of  a  new  joint  venture  with  Occidental   Oil  Shale, 
Inc.  to  proceed  with  development  of  Tract  C-b.     On  February  14,   1979,   Ashland 
Oil,   Inc.  withdrew  from  the  C-b  Oil  Shale  Project  and  Occidental   Oil  Shale, 
Inc.  continued  as  operator  and  holder  of  the   lease.     On  September   1,   1979,   the 
Cathedral   Bluffs  Shale  Oil   Company  was  formed  between  Tenneco  Shale  Oil 
Company  and  Occidental   Oil  Shale,   Inc.,  with  OXY  as  operator  in  the  joint  ven- 
ture between  OXY  and  Tenneco. 

The  purpose  of  this  document   is  to  obtain   a  Prevention  of 
Significant  Deterioration  (PSD)  Permit  for  the  commercial   project  at  the  C-b 
Tract  by  the  Cathedral   Bluffs  Shale  Oil  Company.     This  document  will   provide 
the  detail   to  demonstrate  compliance  with  40  CFR  52.21  (d)  and  Title  I   Part  C 
of  the  Clean  Air  Act  Amendments  of  1977  (42  USC  7401  et .  seq.),  that  are 
designed  to  prevent  significant  deterioration  of  air  quality.     The  plant  is 
designed  for  a  stream  day  capacity  of  117,275  barrel s-perday  and  will    incor- 
porate both  the  OXY  developed  modified    in-situ  (MIS)  process  and  Above  Ground 
Retorting  (AGR)  technologies.     As  required,   and   as  will   be  detailed   in  this 
document,    BACT  will    be  designed   into  the  process  for  control   of  the  waste 
streams  produced  by  the  commerical   processes. 

The  combination  of  retorting  technologies  and  BACT  are  demonstrated 
by  the  emission  modeling  assessment   to  comply  with  the   allowable  pollutant 
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increments   allowed  by  the  Act  and   at  the  same  time  providing  an  overall   pro- 
cess configuration  that   is  both  technically  and  economically  feasible. 

The  total    barrel -equivalent  design  production  rate  from  the  resource 
is   155,360  barrels   per  stream  day.     The  energy  production  recovered  from  the 
operation   is   approximately  872  billion  BTU's  per  day  which  would  be  utilized 
as  fol  lows: 

1)  Approximately  650  billion  BTU's,  or   117,275  barrels/day  as  market- 
able oil   product, 

2)  An   additional    2.2  billion  BTU's,  or  400  barrels  of  oil  will   be  used 
on  a  daily  basis  to   ignite  new   in-situ  retorts,   and 

3)  Approximately  200  billion  BTU's  will   be  recovered  from  low  BTU 
off -gas,   which    is  equivalent   to   37,685  bbl/day  of  oil.     This  fuel 
will   be  burned   in  boilers  to  produce  steam  for  the  production  of 
electricity  and  other   in-plant  uses.     Electricity  will    supply 
project  requirements  and  the  unused  portion  will   be  fed   into  the 
domestic  power  grid. 

In  summary,   at  full   production  this   project   is  energy  efficient   and 
on  an  annual   basis,  does  not  require  outside  sources  of  electricity  other  than 
for  emergency  purposes.     The  resource   is  recovered   as   liquid  and  gas  products 
and  energy  is  exported   in  the  form  of  oil   and  electricity. 
2.0     The  C-b  Tract 

2.1     Area  Description 

This  application   is  for  the  commerical   development  of  Tract  C-b 
of  the  Federal    Prototype  Oil  Shale  Leasing   Program  consisting  of  5,093.9 
acres,  more  or   less,  as   is   shown  on  Drawing  No.   OXY-1  (Appendix  4.0)  and    is 
located   in  Rio  Blanco  County,   Colorado  as  follows: 

T.   3S.,   R.   96  W.,   6th   P.   M. 

Sec.  5,   W  1/2  SE  1/4,  SW  1/4 

Sec.  6,   Lots  6  and   7,   E  1/2  SW  1/4,  SE  1/4 

Sec.  7,  Lots   1,   2,   3,   4,   E  1/2  W  1/2,   E   1/2 

Sec.  8,   W  1/2  NE  1/4,   NW  1/4,  S  1/2 

Sec.  9,  SW  1/4 

Sec.  16,   NW  1/4,   W  1/2  SW  1/4 
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Sec.   17 

Sec.   18,  Lots   1,   2,   3,   4,   E  1/2  W  1/2,    E  1/2 

T.   3S.,   R  97W.,   6th   P.   M. 

Sec.  1,  S  1/2 

Sec.  2,  SE  1/4 

Sec.  11,   E  1/2 

Sec.  12 

Sec.  13,  N  1/2 

Sec.  14,  N  1/2  NE  1/4 

The  Tract   is   located   in  a  sparsely  populated  portion  of  Rio 
Blanco  County  in  the  Piceance  Creek  Basin   in  Northwestern  Colorado.     Terrain 
on  the  Tract  consists  primarily  of  undulating  valleys   and  ridges  trending   in   a 
northeasterly  direction  and  draining  into  Piceance  Creek.     The  northern  edge 
of  the  Tract   is   approximately  one-half  mile  south  of  Piceance  Creek  at  the 
confluence  with  Stewart  Gulch.     Piceance  Creek  then  flows  northwesterly  for 
approximately  24  miles  to   its  confluence  with  the  White  River.     There  are  a 
few  scattered  ranches  along  Piceance  Creek.     The  communities  nearest  to  the 
Tract  are  Meeker,  Rifle,   and  Rangely,   40,   40,   and  60  miles  respectively,  by 
paved  highway. 

Elevations  on  the  Tract  vary  from  6,400  feet   in  the   lowest 
valley  bottoms,  to  7,100  feet  on  the  ridges   at  the  southern  edge  of  the  Tract. 
The  climate   is   semiarid  with  snow  cover  occurring  variably  from  October  to 
May.     The  climate   supports  sparse  vegetation,  with   sagebrush  and   pinyon-juni- 
per  communities  being  dominant.     Approximately  45%  of  the  Tract  (primarily  the 
flat  ridge  tops)  was  chained  by  the  Federal    Government    in   1967.     Chaining   is   a 
technique  designed  to   improve  range  production  by  knocking  down  the  standing 
sage  and  pinyon-juniper.     Historically,  the  Tract  has  been  used  for  cattle 
grazing  and  providing  winter  range  for  mule  deer. 
2.2     Location  of  Oil  Shale 

The  oil   shale  resources   are  located   in  the  Parachute  Creek  mem- 
ber of  the  Green  River  Formation   beneath  the  Tract.     The  oil   shale   is  contain- 
ed  in  essentially  horizontal    sedimentary  beds  of  varying  richness.     The  total 
thickness  of  these  beds    is   about   2,100  feet.     Other  minerals   such    as  nahcolite 
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and  dawsonite,  which  occur  in  abundance  in  the  north-central  part  of  the 
Piceance  Creek  basin,  do  not  occur  in  significant  amounts  in  the  zone  present- 
ly being  considered  for  processing. 

The  project  is  presently  designed  to  process  the  shale  in  a 
zone  that  is  approximatley  300  feet  thick.  This  incorporates  those  richer 
zones  of  shale  having  average  oil  contents  ranging  from  about  26  to  32 
gallons-per-ton.  By  using  both  MIS  and  AGR  technologies,  the  highest  per- 
centage of  resource  recovery  is  achieved  without  adverse  impact  on  the 
surrounding  region. 

2.3  Federal  Lease  and  Lease  Requirements 

On  April  1,  1974,  a  joint  venture  of  Ashland  Oil,  Inc., 
Atlantic  Richfield  Company,  TOSCO,  and  Shell  Oil  Company  acquired  Federal  Oil 
Shale  Lease  Tract  C-b  (C20341)  for  a  competitive  bonus  bid  of 
$117,788,000.36.  The  Lease,  part  of  the  Federal  Prototype  Oil  Shale  Leasing 
Program,  was  motivated  by  the  need  to  assist  the  development  of  the  oil  shale 
industry  in  a  closely  monitored  and  controlled  phase  to  accumulate  environ- 
mental information  and  test  alternative  technologies.  All  phases  of  the 
development  are  being,  or  will  be,  monitored.  On  February  9,  1976,  the  C-b 
Oil  Shale  Project  submitted  its  Detailed  Development  Plan  (DDP)  to  the  Area 
Oil  Shale  Supervisor  (AOSS)  for  approval  in  accordance  with  the  terms  and  con- 
ditions of  the  Lease. 

On  April  1,  1976,  the  C-b  Oil  Shale  project  paid  the  third  in- 
stallment of  $23,557,600.08  under  the  Terms  of  the  Lease.  This  lease  grants 

"the  exclusive  right  and  privilege  to  prospect  for,  mine  by  underground 

or  surface  means  and  process  by  retorting  or  by  insitu  methods  or  otherwise, 
as  he  may  reasonably  choose,  and  in  accordance  with  approved  plans ". 

In  February  of  1977,  a  Modified  DDP  was  submitted  to  the  AOSS 
to  resolve  certain  issues  raised  by  the  AOSS  concerning  the  original  DDP  and 
to  reflect  the  change  of  processing  philosophy  that  came  about  as  a  result  of 
Occidental  Oil,  Inc.,  joining  the  venture.  The  issues  which  were  raised  by 
the  AOSS  did  result  in  a  suspension  of  operations  for  one  year,  starting  Sep- 
tember 1,  1976. 

On  February  14,  1979,  Ashland  Oil,  Inc.  withdrew  from  the  ven- 
ture, leaving  Occidental  Oil  Shale,  Inc.  as  the  operator  and  holder  of  the 
lease. 
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On  September   1,   1979,  the  Tenneco  Shale  Oil  Company  joined  the 
Tract  C-b  venture.     The  joint  venture  between  Occidental   and  Tenneco  was   in- 
corporated as  the  Cathedral   Bluffs  Shale  Oil  Company  and,   as   such,  they  are 
co-holders  of  the  Lease.     Occidental   Oil  Shale,   Inc.,   has  continued   as  oper- 
ator of  the  venture. 

The  Federal    lease  for  Tract  C-b  requires   that  environmental   re- 
sponsibility be  a  high  priority  concern  of  the  Lessee.     The   lease  has  a  number 
of  very  specific  requirements  such  as,    (a)  the   lessee  shall   comply  with  all 
applicable  Federal,  State,   and   local  water  pollution  control,  water  quality, 
air  pollution  control,   air  quality,  noise  control,   and   land  reclamation 
statutes,  regulations,  and  standards,   (b)  the  lessee  shall  minimize  or,   where 
practical,  repair  damage  to  the  environment,   including  the  land,  water,  and 
air,   and   (c)  a  list  of  environmental   stipulations  requiring  monitoring  and 
special   conditions  to  be  complied  with  by  the   lessee  and   any  sub-contractors. 
The  requirements  are  very  comprehensive  and  designed  to   insure  compliance  with 
existing  law  and  to  monitor  effects  upon  the  environment. 
2.4     Approval  of  Conditional    PSD  Application 

On  December   15,   1977  the  EPA  issued  a  Conditional    Prevention  of 
Significant  Deterioration  Permit  (Appendix  12.0)  covering  the  ancillary  phase 
of  the  project.     This  conditional   permit  covers  the  first  phase  of  operations 
which  may  lead  to  full   commercial   operation.     The  ancillary  phase,  covers  the 
site  preparation,   shaft  sinking,   and  MIS  retorting  of  six  underground   units, 
extending  over  a  time  period  from  the  date  of   issuance  until    about  1982. 
Specific  activities  covered  by  this  conditional   permit  include  general    site 
preparation,  the  sinking  of  four  shafts,   and  the  operation  of  a  two  retort 
module  and   a  four  retort  module,  the   larger  of  which   is  designed  to  produce 
about   5,000  barrels  a  day  shale  oil.     Construction  of  other  on-site   support 
facilities   is  also  allowed   in  the  permit. 

Construction  on  the  Tract  commenced   in   January  of  1978.     As  of 
January  1,   1981  the  following  has  been   accomplished: 

1)  A  29-foot  diameter   production  shaft  had  been  sunk  to  a  depth  of 
1,606  feet 

2)  A  34-foot  diameter  service  shaft  had  been  sunk  to   a  depth  of  1,522 
feet. 

3)  A  15-foot  diameter  ventilation  escape  shaft  had  been  sunk  to   a  depth 
of  1,302  feet. 
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4)  Seven  warehouse  and  storage  buildings  have  been  constructed. 

5)  A  cement  batch  plant  has  been  constructed  and  permitted  by  the 
State  of  Colorado  as  a  point  source. 

6)  A  number  of  trailers  are  on  site,  providing  office  and  laboratory 
space. 

7)  Three  ponds  have  been  put  into  service  for  water  management  and  as 
part  of  the  water  reinjection  and  surface  application  systems. 

8)  Other  mine  and  site  related  structures  of  various  descriptions  are 
also  on  site.  A  detailed  itemization  of  these  facilities  can  be 
obtained  from  the  Area  Oil  Shale  Office.  This  information  is  con- 
tained in  the  annual  report  submitted  to  this  office  annually. 
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II   SOURCE  DESCRIPTION 

1.0  Construction  Schedule 

The  major  milestone  schedule  for  MIS,  with  lightoff  of  the  first  re- 
torts in  mid-1985,  and  above  ground  retorting  (AGR),  is  as  follows: 

-  Release  of  detailed  engineering  in  1981 

-  Release  of  critical  equipment  procurement  by  late  in  1981 

-  AGR  Trains  #1  &  2,  mid  1984 

-  Mechanical  completion  of  surface  process  facility  (SPF)  Train  #1 
1985 

-  Ignite  first  MIS  Retort,  Late  1985 

-  Mechanical  completion  of  SPF  Trains  #2,  1988 

-  AGR  Train  #3,  4,  5  and  6,  early  1988 

-  Mechanical  completion  of  SPF  Trains  #3,  early  1989 

-  AGR  Trains  #7  &  8,  early  1989 

-  Mechanical  completion  of  SPF  Trains  #4  and  5,  1990 

Full  production  is  scheduled  to  occur  in  1991  with  a  total  MIS  oil 
production  rate  of  68,975  B/SD.  Full  AGR  production  will  occur  in  1990  at  a 
total  production  rate  of  approximately  48,300  B/SD. 

2.0  Overall  Process  Configuration  With  Flue  Gas  Desulfurization 
2.1  Description 

A  schematic  flow  diagram  of  the  commercial  Surface  Process 
Facilities  (SPF)  for  a  Flue  Gas  Desulfurization  (FGD)  configuration  is  shown 
in  Figure  II— 1 .  Component  material  balances  for  the  major  streams  are  given 
in  Table  II— 1 .  The  material  balances  are  based  on  five  operating  MIS  offgas 
trains. 

Retort  Gas 

The   low-Btu  Modified   In-Situ   (MIS)  retort  offgas    is   received   at 
the  Surface  Process  Facilities  at  8.0  psia  (3.4  psi   vacuum)  and   150°F  through 
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an  underground   shaft.     This  gas  flow  is   split  among  five  parallel    gas  trains. 
Each  train   is  designed   to  process   20  percent  of  the  normal  MIS  gas  flow  on  a 
long  term  basis.     Each  train  will   be  designed   for  a  short   term  maximum  capa- 
city of  25%  of  the  total  MIS  gas  flow. 

Combination  Precooler/Ammonia  Scrubber 

The  FGD  case   incorporates  combination  precooler/ammonia  scrub- 
ber towers   ahead  of  the  off  gas   blowers.     The  washed   and  compressed  MIS  off -gas 
is   sent  (about   225°F)  directly  to  special    low-pressure  burners    in  modular 
steam  boilers. 

600  psig  Modular  Steam  Plant 

All   of  the  available  MIS  off  gas,  Phosam  Acid  Gas,   and  the  Above 
Ground  Retort  (AGR)  product  gas   are  used   to  produce  600  psig,   750°F  steam   in 
boilers.     Part  of  the  600  psig  steam  is   sent  to  extraction  turbogenerators   for 
the  production  of  electricity,  while  the  rest   is  used  for  steam  turbine 
drivers. 

Flue  Gas  Desulfurization 

Each  boiler  has   an   induced  draft  fan  to  provide  sufficient 
draft  to  balance  boiler  furnace  pressure  and  sufficient  pressure  to  force  the 
flue  gas  through  the  flue  gas  desulfurization  absorbers. 

In  the  FGD  process,   the  flue  gas    is  contacted  with  a  basic  reagent,  depending 
upon  the  process  chosen.     The  SO?  is  reduced  to  approximately  5%  of  the  FGD 
inlet  concentration  by  a  basic  reagent. 

Ammonia  Strippers 

Process  condensate  recovered   in  the  combination  precooler/ammo- 
nia scrubber  towers  along  with  recycle  wash  water   are  steam  stripped   in  an 
ammonia  stripper.     Ammonia,  H£S,   CO?,  oils,  and  volatile  soluble  organics 
are  removed.     About  one-half  of  the  stripped  condensate  is  recycled  to  the 
combination  precooler/ammonia  scrubber,  and  the  net  deaerated  condensate   is 
sent  to   low-pressure  (240  psig)  process  steam  evaporators. 

Phosam  Units 

The  "Phosam  W"  process   is  U.S.  Steel's  proprietary  process  for 
recovery  of  high-quality  fertilizer-grade  anhydrous  ammonia  from  wet  ammonia- 
rich  gases.     Water  from  the  bottom  of  the  retort    is   steam  stripped   in  the  re- 
tort water  treatment  facility.     These  steam  stripper  vapors  and  the  ammonia 
stripper  overhead  gas  vapors   are  sent  to  the  Phosam  units  for  ammonia  re- 
covery. 
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The  tail  gas  from  the  top  of  the  Phosam  absorber  joins  the 
boiler  fuel  gas. 

Process  Steam  Evaporators 

Stripped  process  condensate  is  sent  to  steam-heated  kettle 
evaporators  to  produce  most  of  the  240  psig  saturated  process  steam  required 
for  the  MIS  retort  operation.  The  300  psig  steam  required  in  the  tubeside  of 
the  kettles  is  supplied  by  exhaust  steam  from  process  turbine  drivers. 

Dirty  Steam  Evaporators 

The  retort  process  water  is  treated  for  oil  and  sludge  removal, 
steam  stripped  and  sent  to  the  steam  kettle  evaporators  for  production  of  the 
remainder  of  the  240  psig  process  steam  required  by  the  MIS  retort  operation. 

Water  Evaporators 

Some  retort  process  water,  blowdowns  from  the  process  steam 
evaporators  and  high  pressure  steam  boilers,  as  well  as  brine  from  the  retort 
water  treating  system  and  other  aqueous  streams  are  concentrated  in  steam 
kettle  boilers.  The  effluent  brine  concentrate  joins  other  aqueous  streams  in 
route  to  the  FGD  system.  The  advanced  FGD  systems  can  accept  process  brines 
as  the  makeup  fluid.  Part  of  the  water  provides  evaporative  cooling  of  the 
400°F  flue  gas  and  the  rest  (including  the  TDS  and  organics)  is  fixed  into  the 
solid  byproduct.  This  product  will  be  mixed  with  the  spent  shale  from  surface 
retorting  units. 

Above  Ground  Retorting  (AGR) 

The  oil  shale  rock  hoisted  to  the  surface  is  retorted  in  8000 
metric  ton/day  above  ground  retorts  (AGR).  The  Lurgi  process  is  used  as  the 
design  AGR  process.  Of  eight  units,  one  will  be  in  a  stand-by  mode  which  re- 
sults in  seven  units  operating  at  full  capacity  for  365  days /year. 
3.0  Plant  Layout 

3.1  C-b  Tract  Plot  Plan 

Drawing  EM- 102  (Appendix  4.0)   is   an  overall   plot  plan  for  the 
entire  Tract  C-b.     All   the  major  facilities  are   located  on  the  Tract   as  are 
the   location  of  the  raw  and  spent  shale  piles  and  the  top  soil   storage  piles. 

3.2  MIS  Gas  Processing  Facilities 

Drawing  650239-4-00-001-VB   (Appendix  4.0)   is   an  overall   plot 
plan  for  the  MIS  surface  process  facilities.     The  various  emission  sources   and 
types   are  shown  for  different  areas   such  as  flue  gas  desulfurization  stacks 
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and  the  oil   storage  area.     Additional  drawings  of  the  surface  process  facil- 
ities (Appendix  4.0)  are: 

Plot  Plan  Scrubber  Area  -  65-239-4-050 

Plot  Plan   -  Boiler  Area  -  650239-4-051 

Plot  Plan   -  FGD  Area  -  650239-4-052 
Plot  Plan  -  Process  Condensate 

Treating  and   Phosam  Facilities  -  650239-4-056 

3.3  Shale  Handling  Facilities 

Drawing  EM-106  (Appendix  4.0)   is   an  overall   plot  plan  of  the 
shale  handling  facilities.     All   the  shale  handling  facilities  for  shale  pro- 
cessing are  shown.     This   includes  movement  of  shale  from  the  production  shaft 
to  the  surface  retort  and  disposal   of  spent  shale. 

3.4  Above  Ground  Retorting   (AGR) 

Figure  1 1-2  is   an  overall   plot  plan  for  an  eight  unit  AGR 
facility.     In  this  permit  application,   the  Lurgi    is  the  basis  for  emission 
locations,  factors,  and  other  necessary  information. 

4.0     Process  Descriptions 

4.1     Raw  Shale  Storage  Stockpile  and  Handling 
4.1.1     Production  Quantities 

Raw  shale  produced  from  mine  development   activities  will 
be  hoisted  to  the  surface  for  either  immediate  or  eventual   processing   in  the 
surface  retorts.     Material   produced  before  the  retorts   individual ly  come  on 
line  will   be  stockpiled;  but  thereafter,  only  such  production   in  excess  of  the 
on   line  retorting  capacity  will   be  added  to  the  stockpile.     The  stockpile  will 
reach  a  maximum  size  of  some  60  million  tons  of  raw  shale  with  a  volume  den- 
sity (33  percent  voids)  of  19.7  cubic  feet  per  ton.     The  surface  retorts  will 
be  fed  with  shale  from  the  mine  and  the  stockpile  until   the  stockpile  has  been 
fully  consumed   in  the  year   2011. 

Raw  shale  production  builds  up  rapidly  at   a  maximum  rate 
of  59,000  TPD  in  1988,  continues   at  this   level   until    phase  II  of  the  project 
operation   is   reached   in   1990,   and  then   is  reduced  to   55,900  TPD.     All    seven 
surface  retorts   are   in  operation  at  this  time,  resulting   in  an  average  of 
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about   5,800  TPD  of  raw  shale  being  reclaimed  from  the  stockpile  to  feed  the 
retorts. 

4.1.2  Storage  Site 

The  300  acre  area  selected  for  the  raw  shale  stockpile 
is  depicted  on  Drawing  EM- 102,   Rev.   C  (Appendix  4.0).     This   2,800  by  4,700 
foot   area  lies   in  the   lower  reaches  of  Cottonwood   Gulch  near  the  northern 
boundary  of  the  lease  tract.      Its  near  side   is   about   1,500  feet  and   its   far 
side   is   about   5,000  feet,  northeast  of  the  production  shaft.     The  raw  shale 
pile   is  designed  for   1  to  4  slopes  on   all   but  the  northern  most  side  which 
slopes   at  the  angle  of  repose  and  will   be  reclaimed  shortly  after  formation. 

4.1.3  Handling  Practices 

Raw  shale  from  the  mine   is  dumped  directly  into  receiv- 
ing hoppers  provided   in  the  headframe  tower  for  the  production  shaft.     Apron 
feeders  withdraw  the  material   from  these  hoppers   and  discharge  it  onto  a  pair 
of  covered  conveyor  belts.     At  a  transfer  point  along  the  pair  of  belts,  the 
material    is  diverted  onto  belts  feeding  the  surface  retorting  facility.     The 
remainder  of  the  raw  shale   in  excess  of  retorting  requirements    is  diverted  to 
a  single  covered  belt  for  movement  to  a  truck  loadout  hopper  bin,   initially 
located  near  the  south  toe  of  the  raw  shale  stockpile. 

The  stockpile  will   be  extended  at   its  full   east-west 
width  down  the  sloping  topography  toward  the  northern  edge  of  the  pile.     As 
the  stockpile  grows,  a  partially-covered  conveyor  and   loadout  bin  will   be  add- 
ed to  extend  northerly,   to  reduce  the  truck  haulage  of  raw  shale.     Trucks  will 
dump  along  the  edge  of  the  embankment  to  both  the  east  and  west  of  this  cen- 
trally located   and  extended  conveyor  and   loadout  bin.     A  sprinkler  system  will 
be  available  to  control    fugitive  dust  emissions.     Graders,  dozers,   and/or 
front -end   loaders  will   be  used  to   level   and   shape  the  pile  to  its  final 
configuration. 

Top  soil  will   be  stripped  from  the  surface   immediately 
ahead  of  the  advancing  pile  and  stored   at  convenient   locations   around  the  per- 
iphery of  the  pile.     Two  scrapers  will   be  used  for  such  operations   at  both  the 
raw  shale  stockpile  and  the  spent  shale  disposal    area.     Top  soil  will   be  re- 
placed on  a  continuing  basis  over  the   leveled,   shaped,   and  otherwise  completed 
sections  of  the  stockpile  so   as  to   insure  that  no  more  than   15  acres  of  the 
advancing  embankment  will   be  exposed  to  wind  erosion.     Raw  oil   shale,  once  the 
dust  from  mining  and  crushing   is  washed  off,   thereafter,  remains  remarkably 
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clean  and  fresh,  and  hence,  is  little  affected  by  wind  erosion.  Revegetation 
of  the  replaced  top  soil  will  occur  at  about  6  month  intervals,  depending  on 
the  season.   Irrigation  and  fertilization  will  be  needed  until  the  vegetation 
is  well  establ ished. 

Reclaiming  of  the  stockpiled  raw  shale  for  retorting 
will  begin  by  movement  of  raw  shale  from  the  north  end  of  the  pile.  The  con- 
sumption of  the  stockpiled  raw  shale  will  then  progress  to  the  south.  The 
deeper  northern  sections  will  be  worked  in  benches  extending  across  the  full 
width  of  the  pile.  Front -end  loaders,  or  motor  scrapers,  will  be  used  to  load 
the  stockpiled  material  into  trucks  for  haulage  to  a  conveyor  hopper  that  in 
turn  would  feed  a  covered  conveyor  extending  to  the  transfer  tower. 

Truck  haulage  roads  for  such  operations  will  be  located 
on  either  the  east  or  west  side  of  the  stockpile.  Water  sprays  will  be  pro- 
vided for  dust  control  during  haulage  in  reclaiming  the  stockpiled  material. 
The  originally  replaced  and  revegetated  top  soil  on  the  stockpile  again  will 
be  restripped  in  advance  of  the  reclaiming  operations  and  stored  at  convenient 
locations  for  ultimate  replacement  and  revegetation  over  the  original  land 
surface  below  the  stockpile. 

4.1.4  Raw  Shale, Processing 

Processing  of  the  raw  shale  hoisted  to  the  surface  will 
follow  the  flow  scheme  as  diagramatically  illustrated  on  Drawing  EM-101, 
(Appendix  4.0).  Raw  shale  is  taken  by  conveyor  from  the  stacking  towers  to 
the  crushing  and  screening  building.  Upon  entering  the  building,  the  raw 
shale  is  screened.  The  fines  (<l/4"  diam.)  are  sent  on  for  retorting.  The  2" 
to  1/4"  material  is  sent  to  teritiary  crushing,  and  the  2"+ material  is  fed  to 
the  secondary  crushers. 

The  secondary  crushing  product  is  screened  with  2"+  ma- 
terial being  recycled  back  for  secondary  crushing,  the  fines  being  sent  to  re- 
torting, and  the  2"  to  1/4"  material  being  sent  to  a  conveyor  transfer  tower 
and  on  to  the  tertiary  crushers.  The  tertiary  crushing  product  is  again 
screened  and  the  2"  to  1/4"  material  is  returned  to  be  fed  to  the  tertiary 
crushers  again  and  the  fine  material  is  conveyed  from  the  bins  to  the  Lurgi 
Surface  Processing  Facility  for  retorting  to  shale  oil. 

4.1.5  Processing  Flow  Diagram 

Drawing  EM-101  (Appendix  4.0)   is   a  flow  diagram  of  the 
processing  scheme.     It  depicts  each  step  from  the  production  shaft  to  dis- 
posal  of  the  spent   shale.     Drawing  MSK-13  (Appendix  1.0)   also  provides   a  flow 
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scheme  of  The  Solid  Material  Handling  System  and  includes  a  material  balance 
of  that  system. 

4.2  MIS  Gas  Scrubbing  &  Compression 
4.2.1  Description  (Figure  1 1-4. 1) 

The  primary  function  of  the  off  gas  compression  and 
scrubbing  section  of  the  commercial  Surface  Process  Facilities  (SPF)  is  to 
recover  water  and  oil  and  then  boost  the  pressure  of  the  low-Btu  retort  off gas 
sufficiently  to  deliver  the  offgas  to  the  burners  of  the  steam  boilers  for 
combustion.  Offgas  is  available  at  8.0  psia  (3.4  psi  vacuum)  and  150°F  with 
about  30  volume  percent  water  vapor.  The  combination  of  the  offgas  precooler 
and  ammonia  scrubber  condenses  about  3900  gpm  of  process  condensate,  including 
light  oil,  with  a  reduction  in  ammonia  in  the  retort  offgas.  Light  shale  oil 
is  also  recovered  from  the  offgas  during  this  water  scrubbing  operation. 

Offgas  compression  and  scrubbing  is  the  first  step  in 
the  surface  processing  system  of  the  five  parallel  gas  trains.  Each  train  has 
been  designed  with  a  maximum  short-term  capacity  to  handle  25  percent  of  the 
total  normal  offgas  flowrate.  The  process  flow  diagram  (Figure  II-4.1)  de- 
picts one  of  these  trains.  The  flows  associated  with  this  train  are  shown  on 
the  material  balance  in  Table  II-4.1. 

The  five  parallel  trains  will  permit  an  onstream  factor 
close  to  1.0,  thus  assuring  a  high  level  of  reliability.  Normally,  all  five 
trains  designed  for  a  yearly  on-stream  capacity  of  20%  of  the  total  offgas 
flow  will  operate  continuously,  splitting  the  available  flow.  Major  turn- 
arounds will  be  scheduled  to  the  extent  possible  for  spring  and  fall,  when 
temperatures  are  more  moderate.  This  should  minimize  the  number  and  duration 
of  offgas  flow  restrictions  during  summer  peak  ambients  and  avoid  inadvertent 
winter  freeze-ups  (since  large  quantities  of  warm  water  are  being  circulated 
through  airfan  coolers).  Additionally,  steam  turbine  blower  drives  are  pro- 
vided on  all  trains  because  of  the  high  reliability  provided  by  the  steam  sys- 
tems. 

In  the  configuration,  the  process  gas  shaft  (about  34 
foot  inside  diameter)  conveys  the  3.85  billion  standard  cubic  feet  per  stream 
day  (SCFD)  of  wet  retort  offgas  from  the  underground  headers  on  the 
operating  retorts  to  a  shaft  collar  house  located  at  the  top  of  the  shaft  at 
ground  level.  The  offgas  is  expected  to  arrive  at  the  shaft  collar  house  at  a 
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pressure  of  about  8.0  psia  (3.4  psi   vacuum).     Temperatures  of  about   150°  are 
▼  expected  and  moisture  content   is  anticipated  to  be  about  31  percent  by  volume 

(wet/dry  ratio  of  1.45). 

At  the  20  percent  operating  rate,   770  MMSCFD  of  retort 
offgas  enters  the  battery  limits  of  each  off gas  compression  and  scrubbing 
train  through  an  approximately  13-foot  duct  (pressure  is   about   7.9  psia).     A 
knife  gate  valve  is   located  at  the  battery  limits  of  each  offgas  compression 
and  scrubbing  train  to  permit  isolation  of  each  train  from  the  rest  of  the 
Surface  Process  Facilities.     Also  at  the  inlet  of  each  compression  train,  an 
inlet  flow  control   butterfly  valve  is  used  to  balance  the  flow  among  all  oper- 
ating trains,    in  conjunction  with  speed  and/or  vane  controls  on  the  blowers. 
Balancing  is  required   in  part  due  to  the  distance  of  each  train  from  the  gas 
shaft  and  the  variable  pressure  drops  which  will   develop   if  fouling  occurs  on 
equipment.     These  valves  will   normally  run  nearly  open  and  will   provide  trim 
to  obtain  the  desired   suction  flow  to  the  retort  offgas  blowers,  while  holding 
the  shaft  collar  pressure  relatively  stable  at  8.0  psia.     Should  the  pressure 
at  the  gas  shaft  collar  rise,   the  damper  valves  will   be  automatically  reset 
for  higher  flowrates. 
9  Upstream  of  the  retort  offgas  blowers,  the  retort  offgas 

is  contacted  countercurrently  with  cool  condensate   in  the  ammonia  scrubbing 
section  of  the  combination  precooler/scrubber  tower.     Heat  of  absorption  for 
ammonia  is  removed  via  four  stages  of  side  cooling  and  the  offgas  exits  the 
scrubber  at  a  temperature  of  85°F.     In  addition  to  cooling  the  retort  offgas 
and  removing  ammonia,  the  ammonia  scrubbers  remove  mist  particles.     As  a  re- 
sult of  gas  cooling,   in  both  the  precooling  and  scrubbing  sections,  748  gpm  of 
water  vapor  and   about   1392  BPSD  (Barrels -Per -Stream- Day)   light  shale  oil    are 
condensed   in  each  train  from  the  retort  offgas.     The  process  condensate  from 
the  precooler  provides  a  source  of  useable  water  to  the  SPF  and  recovers  much 
of  the  condensible  portion  of  the  produced  shale  oil   entrained   in  the  offgas. 
The  noncondensed  hydrocarbons   assist   in  maintaining  the  heat  content  of  the 
offgas   sufficiently  high  to  support  combustion   in  the  boilers.     The  ammonia 
scrubbers  recover   about   47  tons  per  day  of  ammonia  per  train   in  conjunction 
with  the  phosam  unit. 

The  precooler  ammonia  scrubbers   are  vertical   packed 
towers  that   are  essentially  two  towers,  one  stacked  on  top  of  the  other.     The 
$  bottom  precooler  section  contains  two  packed  beds  where  the  retort  offgas   is 
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cooled  and  partially  scrubbed  by  the  contact  with  circulating  air-cooled 
water.     The  primary  function  of  the  bottom  section    is  to  recover  water  vapor 
and  condensible   light  shale  oil.     While  some  ammonia   is  removed   in  the  pre- 
cooler,  the  bulk  of  the  ammonia   is  removed   in  the  scrubbing  section  of  the 
combination  tower. 

Referring  to  the  process  flow  diagram  (Figure  1 1-4. 1) , 
the  offgas  enters  the  bottom  of  the  tower  through  a  gas  distributor  and  flows 
to   a  3-foot  bed  of  grid  packing.     Grid  packing  provides   low  pressure  drop  and 
high  mass  transfer  per  volume.     This  results   in   lower  blower  energy  require- 
ments  at  a  given  capacity.      In  the  bottom  section  of  grid  packing,   the  offgas 
temperature   is   lowered   to   its  dew  point  of  131°F  by  circulating  water  from  the 
bottom  of  the  pre-cooler  ammonia  scrubber  through  the  first  precooler 
exchanger.     This   air  cooler   lowers  the  temperature  of  the  water  to  95° F.     The 
water   is  then  distributed  over  the  bottom  section  of  grid.     The  pressure  drop 
of  the  gas  rising  through  this  packed  section   is   about   1"  H2O  (0.04  psi). 

The  saturated  retort  offgas,   at   131°F,   then  flows 
through  about  22  feet  of  grid  packing  reducing  the  offgas   temperature  to  85°F. 
About  400  MM  Btu/hr  of  heat  per  train  must  be  removed  from  the  offgas  at  rel- 
atively low  temperatures   (85-90°F).     This    is   accomplished  by  circulating  about 
24,500  gpm  of  water  through  the  second  precooler  exchanges  which    lowers  the 
water  temperature  from  110°  to   75°F.     The  second   precooler  exchanger  can  be 
operated   as  a  wet   surface  type  air  cooler  during  the  summer.     Water  may  be 
sprayed  over  exchanger  tubes  to   lower  the  air  temperature  to   its  wet  bulb 
temperature  (Niagara)  or  ambient  air  can  be  evaporatively  precooled,    (Hudson 
Combinaire).     On  a  peak  summer  day,   air  temperature  of  87°F  can  be   lowered  to 
the  design  wet  bulb  of  62°F  by  use  of  a  wet  surface  type  air  cooler. 

The  water   leaving  the  precooler  exchanger   is  distributed 
over  the  top  of  the  22-foot  packed  bed   inside  the  precooler.     This  22  foot  bed 
is  divided   into  two   11-foot   sections  to  allow  for  redistribution  of  liquid 
flows   and  to  meet  packing  structural   requirements.      In  addition  to  water  and 
oil   condensation  and  gas  cooling,   the  ammonia  concentration   in  the  offgas    is 
reduced.     The  pressure  drop  of  the  gas  rising  through  this  22  feet  of  packing 
is  estimated  at   about   8"   H2O  (0.3  psi).     The  24,500  gpm  of  water  circulated 
along  with  the  condensed  oil    and  water  absorbed  ammonia,    internally  bypasses 
the   lower  3-foot  bed  to  the  bottom  of  the  precooler-ammonia  scrubber  where   it 
combines  with  the  water  from  the   lower  packed   section.     The  bottom  of  the 

11-12 


precooler  provides   some  residence  time  for  oil    and  water  separation  and   surge 
time  for   level   control.     Oil    separated  from  the  water  overflows  a  weir  and  is 
gravity  drained  on   level   control.     The  condensed  water   is  withdrawn  from  the 
precooler  via  oil -water   interface  level   control. 

The  primary  function  of  the  top  section  of  the  pre- 
cooler-ammonia  absorber   is  to  reduce  the  ammonia  concentration  in  the  off gas. 
Approximately  500  gpm  of  stripped  process  condensate   is  required  per  train   to 
scrub  the  ammonia  from  the  off gas.     This  water   is   supplied  at  95°F  from  water 
management  and   is  cooled  to   75°F  in  the  precooler  exchanger.     The  precooler 
exchanger   is  also  a  wet  surface  air  cooler.     The  outlet  temperature  of  the 
precooler   is  controlled  to  maintain   an  85°F  gas  temperature  leaving  the  top  of 
the  ammonia  scrubber.     Part  of  the  heat  removed  by  the  circulating  water   in- 
cluded the  heat  of  solution  of  ammonia. 

The  water  and  absorbed  ammonia  from  the  top  section  of 
the  precooler  scrubber  are  combined  with  the  condensed  water  and  entrained 
light  shale  oil   from  the  bottom  of  the  precooler  scrubber.     This  mixture  then 
flows  to  the  Oil -Water  Coalescers  for  removal   of  emulsified  oils.     Ammonia- 
rich  water  flows  from  the  coalescers  to  the  ammonia  stripper. 

Light  shale  oil,    including  entrained  water  from  the 
bottom  of  the  precoolers,  goes  to  the  Light  Oil -Water  Separators.     The  separa- 
tors  are  gravity  type  tilted  plate  separators. 

Net  light  shale  oil    is  pumped  by  the  Separator  Light  Oil 
Pumps  to  the  water  management  section  where  this  oil   joins  the  raw  crude  shale 
oil   from  the  modified   in  situ   (MIS)  retorts  for  processing.     Water  separated 
from  the  light  oil    (about  1-2  gpm)   is  pumped  to  the  Oily  Water  Coalescer  for 
eventual   treatment   in  the  ammonia  stripper. 

The  off gas,  flowing  through  the  three  6-foot  beds   in  the 
top  ammonia  scrubber,   sustains  a  pressure  drop  of  about  0.3  psi   (8-9"   H2O). 
Before  leaving  the  precooler,   the  gas  passes  through  a  section  of  Chevron-type 
demisters  to  remove  entrained  water.     The  Chevron-type  demisters   are   inter- 
mittently water  washed  at  high  rates  and  continuously  at   low  rates  by  spray 
headers  above  and  below  the  demister  section.     The  MIS  off  gas   leaves  the  pre- 
coolers  at  a  pressure  of  6.9  psi a  and  a  temperature  of  about  85° F.   During 
winter,   temperatures  may  drop  below  85°F,   which  will   enhance  ammonia  removal, 
recover  additional  water   and   light  oil    from  the  retort  offgas,   and   lower  the 
horsepower  required  by  the  offgas  blowers. 
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OFF  GAS  SCRUBBING  &  COMPRESSION  PROCESS  MATERIAL  BALANCE 

(Quantities  are  for  One  of  Five  Operating  Trains) 

MIS  RETORTING  AND 

MIS  RETORTING  AND  SURFACE  RETORTING  INTERFACE 

TABLE  1 1-4.1 


• 


^■^STREAM 
COMPONENT"  "^. 

MIS 
RETORT  OFF  GAS 

PRECOOLED 
RETORT  OFF  GAS 

AMMONIA 
RICH  WATER 

LIGHT  OIL  TO 
HEATER  TREATER 

H2 

5,503.9 

5,503.9 

___ 

___ 

N2 

35,516.9 

35,516.9 





CO 

1,024.9 

1,024.9 





Cl 

943.1 

943.1 





C=2 

70.2 

70.2 





C2 

150.3 

150.3 





co2 

14,625.6 

14,486.0 

139.6 



H2S 

101.7 

100.8 

1.3 



CI 

46.8 

46.8 





S 

70.2 

70.2 





NH3 

339.7 

115.8 

230.5 



C.  +  LT. 

OIL 

171.0 

67.2 



103.8 

COS 

2.9 

2.9 





cs2 

0.6 

0.6 





CH  SH 

1.2 

1.2 

___ 

___ 

TOTAL 
MOL/HR 

(DRY) 

58,569. 

58,100.8 

371.4 

103.8 

H20,  MOL/HR 

26,083.0 

5,291.7 

34,713.8 

3.1 

TOTAL 
MOL/HR 

(WET) 

84,651.7 

63,392.3 

35,085.2 

106.9 

LB/HR  (WET) 

2,199,666.3 

1,803,953.0 

634,943.0 

17,391.0 

MMSCFD  (GPM) 

770.0 

576.5 

(1,250.5) 

(40.5) 

TEMP  °F  ( 
PSIA) 

;press, 

151  (8.0) 

85  (6.9) 

93  (55) 

108  (132) 
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The  water  and  oil   condensed   in  the  precoolers   reduces 
the  f  lowrate  of  retort  off  gas   in  each  train  from  770  MMSCFD  to   about  577 
MMSCFD.     Cooled  offgas  flows  to  the  two  parallel   retort  offgas   blowers   in   each 
train  via  a   14-foot  square  duct.     This  duct  splits  to  two   10-foot   square  ducts 
before  swagging  down  to  the  suction  of  each  blower.     The  offgas   blowers  may  be 
designed  either   as  vertically  split  two-stage  centrifugal   compressors,    as   five 
stage  axial   fans,  or  as    large  single-stage  blowers.     Each  blower  has  valves   at 
suction   and  discharge  to  allow  for  maintenance  without  shutting  down  the  en- 
tire train.     Each  blower  will   produce  a  differential    pressure  of  6.1   psi    (com- 
pression ratio  of  1 .9) . 

Compressor  differential    pressure  is  determined  by  the 
discharge  pressure  required  to   supply  a  steady  1.0  psig  fuel   gas   pressure  at 
the  burner  flanges  of  the  special    low-Btu  fuel   gas   burners    in  the  steam  boil- 
ers.    The  discharges  of  the  blowers  flow  to  the   low-Btu  fuel   gas  header   in   a 
13-foot   square  duct. 

The  retort  offgas   blowers   are  driven  by  600  psig  steam 
turbines.     This   assures  the  overall   reliability  of  the  offgas  compression  and 
scrubbing  section  of  the  Surface  Processing  Facilities   in  the  unlikely  event 
of  a  power  failure.     Steam  turbine  drivers  exhaust  at  about  4.5  inches  of 
mercury  to  air-cooled  surface  condensers.     The  clean  condensate   is   returned   to 
the  boiler  feed  water  deaerator. 

From  the  blowers,  the  225°F  MIS  offgas   flows  directly  to 
the   low-Btu  fuel   gas  header  for  distribution  to  the  ten  600  psig  steam 
boi lers. 

4.3     Ammonia  Stripping  And  Recovery  (Phosam) 
4.3.1     Description   (Figure   1 1-4. 2) 

Process  condensate   is  defined   as   the  water  condensed  out 
of  the  retort  offgas  during  precooling  upstream  of  the  blowers.     As  recovered, 
this  water   is  relatively  corrosive  due  to  the  concentrations  of  dissolved  am- 
monia,  hydrogen   sulfide,  carbon  dioxide  and  volatile  dissolved  organics.      In 
addition,  the  process  condensate  will   contain   small    amounts  of  minerals  from 
fine  mist  entrained   in  the  MIS  retort  offgas.     Suspended  condensable  shale 
oils  and  some  trace  of  heavy  shale  oil   from  the  mist  will   also  be  present. 

Two  parallel   trains  (Figure  1 1-4.2 )   are  provided  for  am- 
monia stripping  and  recovery  of  the  process  condensate  from  all   five  gas 
scrubbing  and  compression  trains.     After   separation,   the  process  condensate  is 
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steam  stripped  to  recover  ammonia,  to  remove  the  corrosive  dissolved  gases, 
and  to  remove  volatile  organics.     Volatile  organics   include  soluble  light  oils 
washed  from  the  MIS  offgas   and  fine  suspensions   in  the  micron  and   submicron 
range  of  light  shale  oil   from  MIS  offgas  condensables  and  mist.     The  condi- 
tions  in  the  ammonia  strippers  may  also  result  in  a  heavier  shale  oil    layer 
collecting  in  the  tower  bottoms  and   in  the  partial   condensor  reflux  drum. 
These  layers  wil   be  recovered  and  sent  to  the  oil   separation  system.     The 
stripper  overhead  vapors,  consisting  of  ammonia,  H2S ,  C02»   trace  oxygen, 
volatile  organics,   and  steam  are  sent  to  the  two  75  percent  capacity  Phosam 
units.     Table  1 1-4. 2  presents  a  total  material   balance  for  the  ammonia  strip- 
ping and  recovery  section. 

The  stripped  process  condensate,  possibly  with  some  ad- 
justment  in  pH  and  some  chemical   additive  injection,   is  sent  to  the  240  psig 
unfired  steam  generators.     As  configured,  these  steam  generators  are  large 
reboilers,   using  300  psig  steam.     The  kettles  boil   the  process  condensate 
under  pressure.     This  equipment   is  designed  to  minimize  fouling  and  corrosion. 
Continuous,  plus  high-rate  intermittent  kettle  blowdown  systems  are  used  to 
control   total  dissolved  solids  and  remove  any  build-up  of  suspended  material 
and  oils.     The  blowdowns  are  sent  to  FGD  water  makeup  and  spent  shale 
wetting. 

In  the  ammonia  strippers,  raw  process  condensate  from 
the  compression  unit   is  first  preheated  by  exchange  with  the  hot  stripper 
bottoms.     This  reduces  the  heating  steam  required   in  the  stripping  process  and 
eases  handling  downstream.     Approximately  745,800  Ib/hr  of  steam   (2.0  pounds 
of  steam  per  gallon  of  condensate)   are  needed  to  adequately  strip  the  conden- 
sate.    After  stripping,  a  part  of  the  process  condensate   is  pumped  to  the  pro- 
cess condensate  steam  generators.  Some  of  the  remaining  process  condensate   is 
cooled  to  95°F  and  sent  back  to  the  top  stage  of  the  combination  precooler 
ammonia  scrubber  tower  as  wash  water   in  the  gas   scrubbing  process  (recovery  of 
ammonia  from  the  offgas),   and  the  remaining  process  condensate  is  sent  to  the 
condensate  storage  tank. 

The  ammonia-rich  sour  steam  vapor  from  the  overhead  of 
the  ammonia  strippers  joins  the  ammonia-rich  sour  steam  from  the  steam  strip- 
pers.    The  steam  strippers  serve  functions  similar  to  the  ammonia  strippers, 
but  treat  the  retort  process  water.     The  combined  stream  is   sent  to  the 
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"Phosam  W  Process"  for  recovery  of  high-quality  fertil izer -grade  anhydrous 
ammonia. 

The  Phosam  W  Process  has  been  selected  over  competing 
ammonia  recovery  systems,  based  on  the  close  analogy  between  wet  ammonia-rich 
coke  oven  gases  and  the  stripper  overhead  vapors.     Both  gases  contain  substan- 
tial  hydrogen   sulfide  and  volatile  organics.     The  Phosam  W  Process   is  highly 
selective  towards  ammonia  and   is  basically  unaffected  by  organics   in  the  vapor 
feed. 

In  the  Phosam  W  Process,  the  ammonia-rich  sour  steam 
vapors  pass   into  the  bottom  of  an   absorber  where  ammonia   is  removed  by 
counter -current  contact  with  an  ammonia-lean  phosphoric  acid/  phosphate  solu- 
tion.    After   selective  ammonia  removal    and  moisture  reduction,   the  sour  tail 
gas   from  the  top  of  the  absorber   is   sent   to  selected  boiler  furnaces   for  burn- 
ing. 

The  rich  ammonium  phosphate  solution  from  the  bottom  of 
the  absorber    is  pumped   into  a  stripper/regenerator.      In  this  reboiled 
stripper,   the  equilibrium   is  reversed  and   aqueous   ammonia  vapors  can  be 
stripped  from  the  rich  ammonia  solution.     The   lean  phosphoric/phosphate  solu- 
tion  is  cooled   and  recycled  back  to  the  ammonia  absorber   in   a  closed   loop. 
Phosphoric   acid  makeup  needs  are  relatively  small. 

Aqueous   ammonia  vapor  from  the  top  of  the  regenerator 
passes  through  a  two-stage  condenser  to  form  aqueous  ammonia  enroute  to  the 
ammonia  fractionator  feed  tank.     A  small   amount  of  sodium  hydroxide  solution 
is  metered   into  the  ammonia  fractionator  to  tie  up  acid  gas  trace  residuals. 
The  aqueous   ammonia  liquid   is   pumped   into  the  ammonia  fractionator  where  dis- 
tillation  at  pressure  separates  a  high  purity  ammonia  vapor   in  the  "anhydrous" 
overhead  and   a  water  stream  containing  less  than   0.05  wt  percent   ammonia  in 
the  bottoms.     Steam   is  used  to  reboil   the  fractionator  tower,   providing  the 
necessary  vapor  flow  for  stripping  and  rectifying  the  ammonia.     The  overhead, 
fertilizer-grade  anhydrous  ammonia   is  condensed  to  provide  reflux  and  the  an- 
hydrous  liquid   ammonia  product.     The  ammonia  fractionator  bottoms  are  recycled 
back  to  the  ammonia  stripper  and  combine  with  the  process  condensate. 
4.4     Boilers  And  Flue  Gas  Desulfurization 
4.4.1     Description   (Figure   II-4.3) 

The  heart  of  the  steam  plant    is  the  medium  pressure 
steam  boilers   arranged   in   line   (as   favored  by  the  five  parallel    offgas 

11-20 


trains).     Each  medium  pressure  steam  boiler  has    its  own  steam  drums,  forced 
draft  fans,    induced  draft  blowers,   FGD  absorber  and  certain  FGD  slurry  circu- 
lation auxiliaries.     Each  pair  of  steam  boilers  shares   a  stack.     A  boiler  and 
flue  gas  desulfurization  material   balance   is  shown   in  Table  1 1-4. 3. 

The  steam  plant  also  incorporates  three  groups  of  un- 
fired  kettle  steam  generators,   five  single  stage  extraction  turbogenerators, 
with   aircooled  surface  condensers,  and  the  main   170  MVA  (mega-volt  ampere) 
step-up/  step-down  transformer  yard  and  power  substation. 

The  85  psig  steam  pressure  and  flow  are  controlled  by  an 
internal   extraction  steam  valve   in  the  three  turbogenerators.     The  300  psig 
steam  to  supply  the  kettle  evaporators  and  for  water  management   is  produced  by 
topping  600  psig  steam  in  process  drivers. 

The  240  psig  steam  level    is  designed  primarily  to  supply 
the  1.75  million  PPH  of  process  steam  to  the  retorts   as  air  diluent.     The 
water  sources  for  this  steam  level   are  stripped  process  condensate  and 
stripped  retort  process  water,  thus  effectively  closing  the  process 
water/steam  loop.     The  process  steam  pressure  represents  the  minimum  needed  to 
meet  a  200  psia  pressure  at  the  mine  collar. 

The  heating  medium  to  generate  240  psig  steam  is   300 
psig  steam.     Eighty-five  psig  steam  is  used   in  the  excess  water  evaporators. 
Kettle  type  reboilers  are  used   in  these  steam  generating  services.     Some 
excess  water  vapor  and  some  flashed  600  psig  blowdown   are  cooled  to  provide 
utility  water  and  makeup  water  for  the  cooling  tower. 

Electrical  System 

The  600  psig  steam  system  drives  five  57.0  megawatt 
steam  extraction  turbogenerators.     Under  winter  conditions,   these  five  turbo- 
generators will   be  capable  of  developing  189.8  megawatts  of  13.8  KV  power  to 
the  step-up/step-down  transformer/substation  facility.     Any  power   in  excess  of 
that  needed  to  operate  the  facility  will   be  put   into  the  grid.     However,   it  is 
doubtful  1   that  the  excess  power  will   ever  exceed   10%  of  the  total   power  gener- 
ated.    Four  of  the  five  turbogenerators  will   be  able  to  pick  up  almost  the  en- 
tire electrical   power  generation   load   allowing  one  turbogenerator  to  be 
tripped  out  for  maintenance.     The  excess  600  psig  steam,    under  those  circum- 
stances, would   be  let  down  via  the  desuperheater   as  required  and  any  excess 
power  would  be  exported  to  the  Meeker  grid. 

The  boilers   are  near  maximum  unit  size  and  overfiring   is 
limited  to  perhaps   5-10  percent  (due   in  part  to  the  flue  gas  desulfurization 
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temperature   limitations   and  the  necessity  to  retard   N0X  formation).     The 
volume  of  dry  MIS  offgas   in  million  SCFD  will   be  relatively  fixed,  with  an 
approximate  heating  value  of  77  Btu/SCF  dry  or  67-70  Btu/SCF  wet. 

Each  modular  boiler  has  an   induced  draft  fan  to  provide 
sufficient  draft  to  balance  boiler  furnace  pressure  and  sufficient   pressure  to 
force  the  flue  gas  through  the  flue  gas  desulfurization  absorbers.     In  the  FGD 
process,  the  flue  gas   is  contacted  with  a  basic  reagent  depending  on  which  of 
the  competing  processes   is  chosen.     The  SO2  is  reduced  to  approximately  5% 
of  the  inlet  SO2  content  by  reaction  with  a  basic  reagent. 

The  FGD  processes  considered:     Research -Cot trel 1 
Limestone,  Davy  Saarberg-Holter  Lime,  and  FMC   Double  Alkali   are  discussed   in 
detail    in  Section  IV,   BACT  Assessment.     As  a  result  of  the  assessment,  the  FMC 
limestone  process  was  selected  as  the  SO2  control    system. 

Each  train  of  an  FGD  has  a  stack  which  takes  the  efflu- 
ent of  two  boilers.     A  16  foot  diameter,   112  foot  high  lined  stack  is  proposed 
for  each  train.     A  cone  section   is  to  be  provided  on  top  of  each  stack  to 
achieve  the  exit  velocity  of  about   120  feet  per  second. 
4.5     Above  Ground  Retorting 
4.5.1      Description 

The  flow  diagram  (Figure  1 1-4.4)  shows  the  scheme  of  the 
surface  retorting  complex  based  on  the  Lurgi  Ruhrgas  Process.       Table  1 1-4.4, 
shows  the  product  and  waste  gas  component  breakdown  from  the  Lurgi. 

The  Lurgi  Ruhrgas  Process  for  the  devolatizat ion  of 
fine,  granular  fuel   has  been  operated  commercially  with  noncoking  coals  and 
for  oil   cracking.     Lurgi  Ruhrgas  employs  a  recirculating  solid  heating  medium 
to  supply  the  heat  of  pyrolysis   (retorting).     The  Lurgi  Ruhrgas  Process  was 
originally  developed  with  small   hot  ceramic  balls   as  the  heat  source.     As  more 
experience  has  been  obtained,   a  switch  has  been  made  to  fine,  granular  materi- 
als.    For  coal    pyrolysis  this  can  be  recirculated  coke  particles;  for  oil 
cracking,   the  heating  medium  typically  is   sized   sand    ("sandcracker"). 

In  Lurgi  Ruhrgas  oil    shale  retorting,  the  heating  medium 
(at   about   950°F)  and   incoming  shale  (crushed  to  minus  one-quarter   inch),   are 
mixed  by  screw  conveyor /mixers  and  discharged    into  a  surge  hopper/  reactor 
where  the  retort ing/pyrolysis   takes   place.     After  sufficient  residence  time, 
the  cooler  mixture  of  solids    is  withdrawn  from  the  bottom  of  the  hopper  and 
charged  to  a  lift  pipe/combustor  along  with  preheated  air.     The  carbon  on  the 
spent  shale   is  burned  off   in  the   lift  pipe,   heating  the  solids  and  air  and 
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TABLE  1 1-4.4 

LURGI  SURFACE  RETORTING  MATERIAL  BALANCE 
(QUANTITIES  ARE  FOR  TOTAL  OF  SEVEN  OPERATING  TRAINS) 


STREAM 
COMPONENT 

LURGI  PRODUCT  GAS 

LURGI  WASTE  GAS 

H2 
N2 
NHo 
CO 

Cl_ 

c2" 

c2 

C02 

H2S  (S02) 

c3= 

c3 
c4 

c5 

c6 

C7 

C8 
Cg 

c10 
Cll 

C12 

Cl3 
C14 

c15 
c16 
Cl7 

Cl8 

C19 

c2o+ 

COS 

cs2 

CH3SH(02) 
NOy 

2336.9 

230.0 

18.5 

200.3 

1112.9 

333.9 
400.6 
1868.1 
5.2 
341.3 
215.2 
356.1 

66287.0 
83.9 

14348.0 
(1.7M1.1) 

(3178.6) 
8.4 

TOTAL  M/HR  (DRY) 

HoO  M/HR 

TOTAL  M/HR  (WET) 

POUNDS  PER  HOUR 

MMSCFD  (GPM) 

TEMP  °F  (PRESS  PSIA) 

7419.0 

7419.0 
185,616.0 
67.58 
95  (12.7) 

83907.6 

28449.0 

112357.0 

1022 
320  (11.4) 
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giving  an  exit  temperature  of  around   1250°F.     A  cyclone  at  the  top  of  the   lift 
pipe  separates  very  fine  solids  from  the  mixture  and  the  rest  of  the  spent 
shale   is  recirculated  to  the  mixer  and  reactor  as   the  heating  medium. 

As  Colorado  oil    shale   is  retorted   and  burned,  the  spent 
shale  matrix  becomes  very  friable  and  can  break  down  so  that  after  one  or  more 
cycles  the  spent  shale  particles  will   become  small  enough  to  be  entrained  out 
of  the  top  of  the  lift  pipe  cyclone  with  the  hot  combustion  products.     The 
combined  flue  gas/fines  stream  can   be  treated   as  a  high   heat  capacity  gas. 
The  stream  flows  through  exchanger(s)  for  air   preheat/waste  heat  steam  genera- 
tion.    After  further  cyclone  separation  and  electrostatic  precipitation   (as 
originally  developed  for  cement   kilns),  the  combustion  products   are  discharged 
to  the  atmosphere. 

The  hot  pyrolysis  products  and  entrained   solids  from  the 
reactor  vessel    pass  through  a  cyclone  to  a  scrubbing  system.   Sand  may  be  added 
to  the  circulating  system  to  provide  an  adequate  recycle  to  feed   shale  ratio 
and  act   as  the  heat  carrier   if  the  spent  shale  breaks  down  too  fast. 
4.6     Processed  Shale  Handling  and  Disposal 

4.6.1  Production  Quantities 

When  the   individual   surface  retorts   are  brought  on   line 
and    individually  reach  full   production,  each  retort  will    produce  processed  or 
spent  shale  at  a  rate  of  6,693  tons   per  day  (TPD).     Water   and  other   solid 
by-products   suitable  for  disposal    in  the  spent  shale  pile  will    be  mixed  with 
the  spent   shale   in   the  Spent  Shale  Handling  and  Treatment   Building  prior  to 
being  transported  to  the  stockpile.     Sketch  MSK-13  (Appendix   1.0)   identifies 
the  total   quantity  of  materials  blended  with  the  processed  shale  that  results 
in  an  average  yield  of  7,507  TPD  from  each  surface  retort. 

All   the  shale  produced  during  mine  development    is 
assumed  to  be  processed    in  the  suface  retorts,   which  results   in   approximatly 
505  million  tons  of  spent  shale.     Using  an  in  place  compacted  density  of  100 
pounds  per  cubic  foot,   this  results   in  a  final    volume  of  374  million  cubic 
yards.     The  size  of  the  spent  shale  stockpile,   shown  on  Drawing  EM-102,   Rev.   C 
(Appendix  4.0)    is  consistent  with  this  volume. 

4.6.2  Disposal  Site 

Several   On-Tract   areas   were  evaluated   as   the  potential 
location  of  the  spent  shale  stockpile.     Sorghum  Gulch   (Dwg.   EM-102,   Rev.   C, 
Appendix  4.0)    is   the  preferred   location  due  to  the  proximity  to  treatment 
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facilities,  the  small  watershed  above  the  proposed  site,  and  the  capability  of 
constructing  the  pile  so  that  processed  shale  will  not  extend  beyond  the  ridge 
line  into  Stewart  Gulch.  Owing  the  quantitiy  of  spent  shale  handled,  the 
stockpile  will  extend  above  the  surrounding  terrain  and  will  likely  stretch 
most  of  the  way  to  the  north  property  boundary  and  ultimately  into  Cottonwood 
Gulch  to  the  west  as  shown  on  Drawing  EM-102,  Rev.  C.  (Appendix  4.0).  How- 
ever, the  selection  of  Sorghum  Gulch  minimizes  the  conveyor /truck  haulage  dis- 
tance, which  lessens  the  impact  on  the  environment,  and  also  provides  the  best 
arrangement  from  an  economic  standpoint. 

4.6.3  Site  Preparation 

The  reclamation  plan  for  the  spent  shale  stockpile  calls 
for  covering  the  pile  with  topsoil  as  soon  as  practically  possible  after  the 
pile  reaches  its  final  size  in  any  area.  Initial  preparation  of  the  disposal 
site  will  entail  removing  topsoil  from  the  area  where  the  spent  shale  will 
first  be  deposited  and  creating  a  topsoil  stockpile  in  the  Scandard  Gulch  area 
as  shown  on  Drawing  EM-102,  Rev.  C  (Appendix  4.0).  This  topsoil  pile  will  re- 
main until  the  end  of  the  project,  at  which  time  it  will  be  used  for  reclaim- 
ing the  final  portion  of  the  spent  shale  stockpile  in  Cottonwood  Gulch.  As 
the  spent  shale  stockpile  progressed  through  the  life  of  the  project,  topsoil 
will  be  stripped  ahead  of  the  advancing  pile  and  either  immediately  deposited 
on  completed  portions  or  temporarily  stored  for  reclamation  purposes. 

4.6.4  Disposal  Practices 

Processed  shale  emerges  from  the  retorts  as   a  fine, 
powdery  material    (-1/8  inch  mesh)  with  a  moisture  content  from  1  to  2  percent 
at  a  temperature  of  approximately  140°F.     A  covered  conveyor  moves  the  shale 
to  the  Spent  Shale  Handling  and  Treatment  Building  where  any  suitable  solid 
by-products   (from  the  Gas  Treatment  Facility)   and  water   (for  proper  compaction 
and  dust  control)  are  blended  with  the  processed  shale. 

Transfer  to  the  Disposal    Pile  -  A  covered  belt  conveyor, 
designed  to  retard  moisture  loss  and  prevent  fugitive  dust  generation,  carries 
the  blended  spent  shale  overland  from  the  treatment  facility  to   loadout 
hoppers.     The  conveyor   is  built  on  a  strip  of  land   sufficiently  wide  to  pro- 
vide access  (via  a  service  road)  for  conveyor  inspection  and  maintenance.     As 
the  pile  grows,  both  the  road  and  the  conveyor  will    be  extended   as  needed   to 
minimize  the  movement  of  trucks   and  from  the  advancing  face  of  the  pile.      If   a 
system  failure  forces  the  conveyor  to  be  shutdown,   an  emergency  conveyor   is 
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activated  that  will   dump  the  blended  shale  to  either  storage  bins  or  outside 
the  treatment  building.     Trucks  would  then  haul   this  material    to  the  disposal 
site. 

Processed  shale  will   be  transferred  by  120-ton, 
diesel -powered  trucks  from  the  loadout  hoppers  to  the  disposal   pile.     The 
trucks  will   deposit  the   load  while  moving  in  the  working  area.     Graders  will 
shape  the  material    into   lifts   (under   18  inches  thick)  prior  to  compaction  by 
rubber  tired  compactors   and   loaded  truck  traffic. 

Shaping  the  Spent  Shale  Pile  -  As  shown  on  Drawing 
EM-102,   Rev.    C,    (Appendix  4.0),  construction  of  the  spent   shale  pile  will 
begin  south  of  the  Surface  Processing  Plant  due  to  the  proximity  of  the  Spent 
Shale  Handling  and  Treatment  Building.     During  pile  development,  the  conveyor 
and   loadout  facility  will   be  periodically  moved   according  to  conveyor  and  haul 
distance  economics.     After  approximately  two  years  of  retorting,   pile 
elevations   and  the  western  slope  will   reach  the  final   configuration.     At  this 
time,  an  overland  conveyor  belt  and  the   loadout  facility  will   be  set  up  on  top 
of  the  pile.     The  pile  will   then  be  developed  southwards  with  the  western 
slope  and  top-of-pile  elevation  brought  to  the  final   configuration.     Upon 
reaching  the  southern  boundary,  the  pile  will   be  developed  eastwards   along  the 
length  of  the  entire  strip.     When  the  final   configuration   is  reached   at  the 
east  Sorghum  Gulch  ridge,   pile  development  will    progress  northward. 

The  face  of  the  disposal   pile  will  be  built-up  using  a 
multiple  bench  arrangement.     Benches   are  spaced  a  miximum  vertical   distance  of 
100  feet  and  will   be  sufficiently  wide  (100  feet)  to  provide  an  adequate 
turning  radius  for  dump  trucks. 

Haul  roads  will  provide  access  from  the  truck  loadout 
facility  to  the  benches.  These  roads  are  at  least  100  feet  wide  to  provide 
safe  two-way  traffic  at  normal  operating  speeds.  For  greatest  climbing  and 
descending  efficiency,  haul  roads  will  not  exceed  8  percent  slope.  To  supress 
dust  on  haul  roads,  a  water  truck  with  a  sprinkler  system  will  be  used.  Water 
will  be  added  in  a  quantity  sufficient  to  supress  dust  but  not  to  the  point 
where  a  muddy  or  slippery  surface   is   produced. 

Dust  Control   on  the  Working  Face  -  No  more  than   50  acres 
on  the  working  face  of  the  spent  shale  pile  should   be  exposed   at  any  one  time 
to  maintain   air   quality  standards.     Dust  supression  measures  will   be  necessary 
for  the  pile  due  to  the  size  of  the  face.     The   inactive  area  of  the  working 
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face  will   be  sprayed  with  asphaltic  emulsion  (or  equal  material)  to  supress 
dust.     Vehicular  traffic  will   be  banned  from  this   area. 

Pile  Reclamation  -  Usable  soil   and  overburden  material 
will   be  removed   in  front  of  the  advancing  spent  shale  pile.     To  minimize 
handling,  this  material  will   be  stockpiled  clear  of  the  filling  operations, 
but  relatively  close  to  the  pile  reclamation  area. 

At  regular   intervals  during  pile  development,  all 
exposed   surfaces  of  the  pile  will   be  covered  with   12  inches  of  soil   and   seeded 
according  to  an  approved  Mined  Land  Reclamation  Plan.     The  final   configuration 
for  the  pile  side  slopes  consists  of  a  nominal   four   (horizontal)  to  one 
(vertical)  with   25-ft.  benches  cut  eyery  30  feet  of  elevation.     The  benches 
will   be  cross-sloped  to  catch  any  runoff  from  the  sides  of  the  pile. 
4.6.5     Water  Diversion  and  Control 

A  collection  ditch  and  settling  pond  will   be  constructed 
to  collect  runoff  from  the  shale  pile.     A  ditch  will   be  cut  below  the  toe  of 
the  processed  shale  pile  along  the  east  side.     The  capacity  of  this  ditch  will 
increase  as  the  ditch  progresses  north  toward  a  catchment  dam  across  the 
bottom  of  Sorghum  Gulch   (Dwg.   EM-102,   Rev.   C,  Appendix  4.0).     Most  of  the 
water  collected  on  the  west  side  of  the  pile  will   flow  via  ditches  to  another 
catchment  reservoir  near  Exhaust  Shaft  No.  2  (Dwg.   EM-102,   Rev.   C,   Appendix 
4.0).     A  massive  French  drain   (a  covered  ditch  containing  pervious  material) 
will   carry  this  water  along  the  bottom  of  Sorghum  Gulch  to  the  first  reservoir 
at  the  north  edge  of  the  Tract.     Water  collected  here  will   have  sufficient 
retention  time  for  settling  to  the  required  level   of  solids  or,   if  necessary, 
this  water  will   be  treated.     Precipitation  falling  off -Tract   in  the  Sorghum 
Gulch  watershed  will   also  be  collected  behind  a  catchment  dam  at  the 
southern  edge  of  the  pile  (Drawing  EM-102,   Rev.   C,  Appendix  4.0)  and   allowed 
to  percolate   into  the  ground.     Tests  will   be  conducted  to  ensure  that  the 
watershed  will   not  be  contaminated  from  the  shale  oil   production  facility. 
5.0     Process  Control   Reliability 

In  the  analysis  of  the  process  control    reliability  for  the 
prevention  of  pollutant  emissions,  we  have  to   look  at  the  surface  process 
facilities   as  three  distinct  parts. 

A.     The  Gas  Shaft  and  ducting  to  the  blowers   -  This   system  is  oper- 
ated  at  a  negative  pressure.     Consequently,    if  there  were  a   leak,   it  would  not 
emit,  but  would  draw  air   into  the  system.     This   part  of  the  system  will   be 
designed   such  that  no   leakage  or  over  pressuring  will   occur. 
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B.     The  MIS  Surface  Process  Facility  (SPF)   -  The  SPF  will   process 
the  MIS  produced  gas.     This  processing  will   result   in  the  generation  of  the 
following  products:     Water,  condensate  (light  oil),   NH4,   and   processed  off 
gas  feed  to  the  FGD  unit.     The  design  of  this  facility  incorporates  higher, 
longterm  operational   reliability  to  reduce  emissions.     This    is   achieved  by 
providing  5  parallel  SPF  trains,  each  designed  for  a  short-term  handling  capa- 
city of  25%  of  the  total  MIS  gas   flow  and  a  steady-state  design  operating 
capacity  of  20%  of  the  flow. 

During  the   initial  MIS  development   utilizing  Phase  I  mining 
techniques,  only  four  trains  will    be  required   to  handle  the  full   design  flow, 
with   the  fifth  train  acting  as   a  spare.     The  total   oil   production   in  this  case 
will    approach  94,000  bpd,   about  55,180  from  MIS  and   about  48,300  bpd   from  AGR. 
Later,  with  the  achievement  of  Phase  II  and   Phase  III  mining  techinques,  the 
oil   production  will    increase  to   117,275  bpd.     This  will   require  operation  of 
all   five  trains,  each  handling  20%  of  the  total  MIS  off  gas.     MIS  oil   produc- 
tion will    increase  to  68,975  bpd  during  this  phase  of  the  mining.     Reliability 
in  this  phase  of  operation  will   be  achieved  by  cross   linking  the  SPF  trains   by 
proper  valving  and  by  loading  four  of  the  five  trains  to  the  maximum  short- 
term  design  capacities  when   it  is  necessary  to  take  any  one  train  out  of  ser- 
vice. 

The  risk  of  a  total   five  train  outage  and  consequently,   the 
possibility  of  any  emissions   is  virtually  nonexistent  due  to  the  extra  short- 
-term  capacity  designed  into  each  train  and  the  use  of  steam  powered  drivers. 
An  entire  emergency  power  generation  system  will    also  be  provided  which  will 
be  capable  of  starting  up  two  trains  of  boilers,  running  four  forced  draft   and 
four   induced  draft  fans, and  three  boiler  feed  water  pumps.     Additionally,  the 
SPF  and  the  FGD  systems  are  operated  at  a  pressure  less  than  atmospheric. 
However,  even  though  the  need  for  a  flare   is  very  remote,  a  flare  will    be  pro- 
vided for  this  system.     There  is  a  very  remote  possibility  that  the  flare 
could  be  utilized   as  frequently  as  once  every  five  years  when  the  plant   is  op- 
erating at  full   capacity.     This  situation  would  arise   in  the  very  unlikely 
event  of  a  total    loss  of  all   control    systems.      In  this  event,   all    inlet  air  to 
the  MIS  retorts  would   immediately  be  shut  off  and   an  emergency  blower  to  the 
flare  would  commence  feeding  the  flare  system.     This  would  maintain  the  re- 
torts  at  a  negative  pressure.     The  maximum  flow  to  the  flare  would  be  2.6  MM 
scf/hr  with   a  release  of  977  MM  Btu/hr  and   approximately  1300  Ib/hr  of  SO2. 
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Assuming  problems  starting  up  on  the  emergency  power  system,  we  would  antici- 
pate that  the  maximum  flare  length  would  be  for  5  days.  A  backup  fuel  supply 
will  be  provided  to  the  flare  to  insure  complete  combustion,  in  the  event  it 
would  be  necessary. 

C.  Above  Ground  Retorting  (AGR)  -  At  full  production,  seven  Lurgi 
modules  will  be  operating  with  the  eighth  acting  as  a  spare.  Product  or  fuel 
gas  from  the  AGR  modules  containing  ammonia  and  sulfur  compounds  will  be  fed 
to  the  SPF  boilers.  The  flue  gas  from  the  boilers  is  treated  for  SO2  re- 
moval before  discharge  to  the  atmosphere.  The  AGR  gas  and  liquid  separation 
system  will  be  pressurized  and  therefore  a  flare  will  be  provided  to  discharge 
emissions  should  they  occur.  This  flare  is  designed  for  1.8  MM  SCF/hr,  or  a 
heat  release  of  about  1  billion  BTU/hr.  At  this  rate,  approximately  200  #/hr 
of  SO2  will  be  released.  However,  a  flare  of  this  magnitude  would  be  of  a 
yery   short  duration  because  of  the  rapid  shutdown  capability  of  the  AGR 
modules  and  the  fact  that  a  spare  system  will  always  be  available.  This  flare 
will  also  be  designed  such  that  it  will  be  smokeless.  A  backup  fuel  supply  to 
the  flare  header  will  be  provided  to  insure  that  sufficient  fuel  will  be 
present  for  total  combustion  of  all  H2S,  sulfur  compounds,  and  hydro-car- 
bons. 

6.0  Operating  Schedule 

As  discussed   in  the  preceding  section,  four  of  the  five  SPF  trains 
will   be  operating  at  a  production  rate  of  about  55,180  bpd  during   Phase  I 
mining.     With  overall   production   increasing  to   68,975  bpd  during  Phase  II  and 
III  mining,   all   five  trains  will   be  operating  on  a  year-round  basis.     Also, 
seven  of  the  eight  Lurgi  modules  will   be   in  service  with  an  overall   stream 
factor  of  87.5%,   while  producing  48,300  bpd.     Operations  will    be  on  a  24  hour, 
7  day  week,   365  days-per-year  schedule.     Sufficient  backup  of  equipment   and 
proper  scheduling  will   allow  equipment  to  be  taken  off  line  for  turn-around  or 
repair  without  disrupting  the  output  of  product. 
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III.  INVENTORY  OF  ATMOSPHERIC  EMISSIONS  ASSESSMENTS: 

Fugitive  or  point  source  dust  emissions  are  associated  with  activites 
associated  with  surface  retorting  of  raw  shale  extacted  from  the  underground 
mine  workings.  The  following  types  of  functions  which  produce  these  emissions 
are  as  fol lows: 

1.  Conveyor  and  transfer  operations 

2.  Stacking  tower  storage  pile  and  bottom  loadout 

3.  Secondary  and  tertiary  crushing  and  screening 

4.  Bin  (silo)  loading,  storage,  and  screening 

5.  Truck  loading,  haulage,  and  loadout 

6.  Stockpile  management 

Drawing  EM-101: 

The  above  functions  are  integrated  and  depicted  by  schematic  flowsheet 
drawings  EM-101,  which   is  attached   (Appendix  4.0).     The  drawing  identifies 
each  emission  point   in  the  process,  the  shale  tonnages  being  conveyed  and 
processed,  the  control   equipment   applications,   and  a  complete  emission   summary 
table.   The  Air   Pollution  Data  table  defines  the  control   equipment,  efficiency 
of  control,  type  of  pollutant,   and  emission  tonnages. 

Drawings  EM-102  and  EM-103: 

The  dust  emission  points   identified  for  the  surface  retorting  process 
are   located  on  drawings  EM-102  and  EM-103  (Appendix  4.0).     The  emission  points 
are  depicted  on  a  partial   plot  plan  of  the  retort  process  area  (EM-103)  and   a 
plot  plan  of  the  entire  facility,  which   includes  the  stockpiles  (EM-102). 

Drawings  EM-104,   EM-105  and  0XY-2 

The  dust  emission  points  are  specifically  located  with  tabulations  of 
Colorado  coordinates  on  the  drawings  (Appendix  4.0).     The  emission  points   are 
described  by  their  shape  and  size. 

Sketches  MSK-1  through  MSK-12   (Appendix   1.0)   and   Drawing  EM-107 
'       (Appendix  4.0): 

All   dust  control    equipment  which   is   being  applied  to  the  emission  sources 
are  described  schematically  or  pictorially  by  Sketches  MSK-1  through  MSK-12. 
This   includes   such   items   as   chemical   spray  stystems,  baghouse  dust  collection 
systems,   etc.     The  stacking  tower  enclosure   is   shown  on  Drawing  EM-107. 


III-l 


Sketch  MSK-13  (Appendix   1.0): 

The  material   balance  for  handling  the  raw  shale  and   spent   shale   is   shown 
on  Sketch  MSK-13  (Appendix   1.0). 

Data  Sheets  for  Performance  (Appendix  2.0): 

Performance  data  sheets  are  provided  with  each  sketch  which  describes   a 
baghouse,   scrubber,  or  bin  vent  system.     The  data  sheets  define  the  dust  grain 
loadings,  efficiencies,   and  related  design   information. 

Emission  Calculations   (Appendix  3.0): 

Detailed  calculations  which   are  performed   to   support  the  predicted 
emission  tonnages   are  to  Appendix   1.0.     The  references   for  these  computations 
are  mainly  from  calculation  methods  described  by  the  U.S.    Environmental 
Protection  Agency  Region   III,   Interim  Policy  Paper  on  the  Air   Quality 
guidelines  on  the  review  of  surface  mining  operations  pursuant  to  the 
Prevention  of  Significant  Deterioration  of  Air   Quality  (PSD)  regulations,  40 
CFR  52.21. 

The  following  drawings  and  calculations  provide  the  basis   and 
background  for  the  following  discussions  on  the  overall   emissions  for  PSD 
support   analysis. 

The  design  PSD  production   level,   i.e.   117,275  barrels  per  day,  will   be 
the  basis  for  the  discussion  which  follows. 
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1.0     Emission  Sources,  Controls,   and  Related  Surface  Retorting  Operations 
(Refer  to  EM- 101,   117,275  BPD  and  61,730  TPD  Raw  Shale) 

a.  The  raw  shale  will   be  hoisted  up  the   29'   production  shaft  and  transfered 
onto  Conveyors  No.  1  and  No.  1A  at  the  rate  of  26,400  TPD  each.     Emission 
points  (1)  and   (2)  define  the  quantity  of  raw  shale  dust  produced.     Two 
types  of  controls  are  used  for  these  emission  points,   i.e.     partially 
covered  conveyors  and  chemical   sprays.     The  physical   description  of  the 
conveyor  covers   are  depicted   in  Sketch  MSK-6.     THe  number  and  arrangement 
of  spray  nozzles  are  shown  on  Sketch  MSK-1  (Appendix  1.0). 

b.  The  raw  shale  will   be  transferred  from  Conveyors  No.  1  and  No.  1A  to  Con- 
veyors No.   2  and   No.   2A  by  a  transfer  tower.     Dust  will   be  generated  dur- 
ing the  drop  of  the  shale  during  the  transfer.     Four   insertable  baghouses 
will   be  arranged  on  the  upper  and   lower   levels  of  the  drop  to  collect 
fugitive  dust.     The  baghouses  will   be  manifolded   into  two  stacks,   i.e. 
emission  points  (3)  and   (4).     During  this  phase  of  production,  raw  shale 
will   be  reclaimed  from  the  raw  shale  stockpile  at  at  rate  of  5830  TPD  by 
Conveyors  No.   14  to  Conveyor  No.   2A.     An   insertable  baghouse  at  the 
Conveyor  No.   14  headframe  will   be  provided  to  collect  dust  and  then 
discharged  to  a  stack.     This  emission  is  shown  as  emission  point   (13). 
The  description  of  the  insertable  baghouse   is  shown  on  Sketches  MSK-2  and 
MSK-10  (Appendix  1.0),  and  the  associated  performance  data  sheet 
(Appendix  2.0). 

c.  Raw  shale  dust  will   be  generated  from  an  uncovered  reclaim  area  of  15 
acres  on  a  raw  shale  pile.     This  will   result  from   loading  and  wind 
erosion  and   is  defined  as  emission  point  (34).     Fugitive  dust  will   also 
be  generated  by  the  truck  haulage  from  the  raw  shale  pile  to  the  stacking 
tower  enclosure,   i.e.  emission  point  (45).     In  both  cases,  water  spray  is 
proposed  for  dust  control    as  described  by  Sketch  MSK-12  (Appendix   1.0). 

d.  The  truck  will  deposit  raw  shale  to  the  Conveyor  No.  14  hopper.  Dust 
will  be  generated  during  this  operation  as  depicted  by  emission  (11). 
Then  the  raw  shale  will   be  conveyed  by  a  partially  covered  Conveyor  (No. 
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14)   with  emission  (12)   as   shown.     The  physical   description  of  the 
conveyor  cover   is  shown  on  Sketch  MSK-6  (Appendix   1.0).     The  emission  of 
fugitive  dust  will   be  negligible  for  these  two  sources  and  no  further 
control  will    be  necessary. 

e.  The  raw  shale   is   subsequently  transported  by  Conveyors  No.  2  and   No.  2A 
to  the  stacking  towers   at  a  rate  of  27,950  and   35,330  TPD  each.     Emission 
points   (5)  and   (6)  define  the  quantity  of  dust  produced.     The  same  types 
of  controls   apply  for  these  points   as  emission  points  (1)  and   (2).     The 
spray  nozzle  arrangement   is  described  by  Sketch  MSK-2     (Appendix   1.0), 
and  the  conveyor  covers  by  Sketch  MSK-6  (Appendix   1.0). 

f.  The  raw  shale   is  stacked  on  a  conical   pile  by  means  of  two  stacking 
towers  at  a  rate  of  27,950  and  35,330  TPD  respectively.     The  shale  will 
flow  downward  from  the  stacking  tower  through  windows   into  a  totally 
enclosed  building   (see  Drawing  EM-107).     Four  baghouses,  two   per  tower, 
will   collect  dust  from  the  tower  drop  and  the  traffic   inside  the 
stockpile  enclosure.     The  baghouses  will    also  draw  air   into  the 
enclosures  for  ventilation.     Each  baghouse  will   exhaust  to  the  atmosphere 
through  an  I.D.   fan  at  emission  points  (7),   (8),   (9),   and    (10).     The 
equipment   is  described  by  MSK-3  and  MSK-4  (Appendix  1.0),   and  the 
performance  data  sheets  (Appendix  2.0). 

g.  The  total   raw  shale  stockpile  bottom  loadout  rate  will   be  61,730  TPD, 
which   is  equivalent  to  the  sum  of  Conveyors  No.  1  and  2  loading  rate  and 
the  Conveyor  No.   14  reclaim  rate  from  the  raw  shale  stockpile.     During 
the  bottom  loadout  operation  each  tower  will   produce  one  dust  generation 
point  each,   i.e.    (14)  and   (15).     A  negligible  amount  of  dust  will   be 
generated  and  contained   inside  a  tunnel   below  grade.     A  fan  will 
ventilate  the  tunnel   to  the  atmosphere.     Chemical   dust  suppression  will 
be  used  for  dust  control   of  both  emission  points.     See  Sketch  MSK-3  and 
MSK-4  (Appendix   1.0)  for  a  description  of  the  spray  nozzle. 

h.       Conveyors  No.  3  and   No.   3A  will    transport  30,865  TPD  each  from  the  bottom 
loadout   at  the  stockpiles  to  the  secondary  and  tertiary  crushing 
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facility.     As   in  the  case  of  prior  conveyor  configurations   these  will 
also  be  partially  covered  for  dust  control.     Each  conveyor   is  designated 
as  emission  point   (17)  and   (18)  respectively.     The  cover  for  the  con- 
veyors   is  described  by  sketch  MSK-6  (Appendix   1.0). 

i.       The  raw  shale   is   fed  to  the  secondary  and  tertiary  crushing  and   screen- 
ing facility  at  a  rate  of  61,730  TPD.     The  dust  generated  each  of  these 
process  operations  will   be  controlled  by  a  central   baghouse  dust  col- 
lection system.     Dust  hoods  will   be  strategically  located  on  or  near  the 
crushing  equipment   and  the  dust  collected  by  a  network  of  ductwork.     The 
baghouse  will    filter   142,000  CFM  of  dust   laden  air  which  will    subsequent- 
ly be  exhausted  to  the  atmosphere  as  emission  point  (19).     The  baghouse 
dust  collection  system   is  described  by  Sketches   MSK-7  and  MSK-8  (Appendix 
1.0)  and  the  baghouse  is  described  by  performance  data  sheets  (Appendix 
2.0). 

j.       Simultaneously  as   the  raw  shale   is  being  crushed  an  elevation  change  is 
taking  place  within  a  transfer  tower.     Conveyor  No.  4  and  No.  4A  trans- 
port  30,865  TPD  each  to  the  transfer  tower.     Dust    is   generated  during  the 
load  in  to  these  conveyers  and  the  transported  to  the  transfer  tower. 
These  emissions   are  defined  by  points   (20)  and   (21).     The  dust  will   be 
controlled   at  the  conveyor   load  in  with  water  sprays   and  by  partially 
covered  conveyors  during  transport.     The  water   sprays   are  described  on 
Sketch  MSK-12  (Appendix   1.0),   and  the  conveyor  covers   are  on  Sketch  MSK-6 
(Appendix  1.0). 

k.       Within  the  transfer  tower  the  raw  shale  is   loaded  on  a  single  conveyor 
No.  6  to  complete  the  elevation  change.     A  baghouse  dust  collection 
system  consisting  of  dust  hoods  and  ductwork  controls  the  dust  within  the 
transfer  tower.     An  air  volume  of  16,000  ACFM  will   be  filtered  by  the 
baghouse,   which   is   subsequently  exhausted  to  the  atmosphere  as  emission 
point  (23).     The  baghouse  dust  collection  system  is  described  by  Sketch 
MSK-9  (Appendix  1.0),   and  the  baghouse  is  described  by  performance  data 
sheets  (Appendix   2.0). 

1.       The  raw  shale   is  transported  from  the  transfer  tower  back   into  the 
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crushing  facility  at  a  rate  of  61,730  TPD  on  Conveyor  No  6.     At  the    load- 
ing of  this  conveyor  and  during  transport  raw  shale  dust  will    be  gener- 
ated.    The  dust  will   be  controlled   at  the   load  in  by  water  sprays   and  by 
partial   covers  during  transport.     These  emissions   are  defined  by  point 
(22).     The  water  spray  nozzle  arrangement    is  described  by  Sketch  MSK-12 
(Appendix   1.0),   and  the  conveyor  covers  by  Sketch  MSK-6  (Appendix   1.0). 

m.       After  crushing   is   complete  two  totally  enclosed  Conveyors  No.   7  and  No. 
7A  transport  the  finely  crushed  raw  shale  at  a  rate  of  30,865  TPD,  each 
to  a  30,000  ton  fine  storage  bin.     The  dust  generated  by  this   process   is 
completely  contained  by  the  conveyor  cover.     See  MSK-6  (Appendix   1.0)   for 
a  description  of  this  cover. 

n.       The  raw  shale  displaces  air  volume  as   it  enters  the  30,000  ton  fine 
storage  bin.     The  displaced   air  volume  will   carry  dust  with   it   as   it 
vents  from  the  bin,  therefore,   a  bin  vent   filter   (1200  ACFM  bag  filter) 
will   be   installed  on  the  bin  to  filter  out  the  dust.     This   is  defined  by 
emission  point   (26).     The  bin  vent    is  described  by  the  data  sheets 
(Appendix  2.0). 

o.       The     30,000  ton   fine  storage  bin  unloads  to  two  Conveyors  No.  8  and   No. 
8A.     During  the  drop  of  the  raw  shale  to  the  conveyors  and  the  transport 
to  the  retort  process   area  dust   is   generated.     The  dust    is  controlled 
during  the   initial    drop  by  two   insertable  baghouse  filters  (2000  ACMF 
each).     The  filtered  air   is  exhausted  to  the  atmosphere  as  defined  by 
emission  points  (27)  and   (28).     The   insertable  baghouse  dust  collection 
system  is  described  by  Sketch  MSK-10  (Appendix  1.0),   and  the  performance 
data  sheets  (Appendix   2.0).     The  dust  generated  during  the  conveyor 
transport    is  completely  contained  by  the  conveyor  cover,  therefore,  there 
are  no  dust  emissions  enroute  to  the  AGR  process   area.     The  totally 
enclosed  conveyor   is  described  by  Sketch  MSK-6  (Appendix  1.0). 

p.       The  raw  shale   is  processed   in  the  surface  retorts.     The  residue,  or  spent 
shale,   which   is   approximately  72%  (46,850  TPD)  of  the  original    raw  shale 
tonnage  (61,730  TPD),    is  transported  from  the  retort,  by  Conveyor  No.   9. 
The  spent   shale  is  powdery  and  contains  only  2%  moisture  (by  weight). 
Although  dust    is  generated  during  the  transport,    it  will    be  completly 

III-6 


contained  by  the  totally  enclosed  conveyor.     The  conveyor  cover   is  des- 
cribed by  Sketch  MSK-6.    (Appendix   1.0). 

Conveyor  No.   9  delivers  the  spent   shale  to  the  spent   shale  handling  and 
disposal    area  at  a  rate  of  46,850  TPD.     Water   is   added   to  the  spent  shale 
until    it  reaches   a  moisture  content  of  approximately  10%  by  weight.     This 
process  brings  the  material   to  a  workable  moisture   level    for  reclamation 
and  stockpiling.     Simutaneously,  gypsum  is   being  transferred   to  this 
facility  by  Conveyor  No.   10  from  the  gas  cleaning  process  plant.     The 
gypsum  is   an  added   ingredient  to  prepare  the  spent   shale  for  compaction. 
Since  Conveyor  No.   10  is  totally  enclosed   all  dust  will   be  contained 
while  in  transport  to  the  gypsum  storage  bins.     Sketch  MSK-6  describes 
the  totally  enclosed  conveyor  configuration.     After  the  blending  and 
moisturizing  process   is  completed  the  spent  shale   is   loaded  on  Conveyor 
No.   11  for  discharge  from  the  facility. 

While  the  spent   shale   is  being  prepared  for  stockpiling   in  the  waste   and 
disposal   facility,  dust   is  being  generated  through  a  series  of  conveyor 
belt  transfers,  bin   loadout,  blending,   etc.     The  dust  will   be  controlled 
by  pickup  hoods,  ductwork,   and  a  scrubber  unit.   A  volume  of  32,000  CFM 
will   be  collected  and  scrubbed  to  remove  the  particulate  and  exhausted  to 
the  atmosphere  at  emission  point  (29).     The  description  of  the  scrubber 
system  is   shown   in  Sketch  MSK-11  (Appendix   1.0).     The  scrubber   is   also 
described    in  the  performance  data  sheets  (Appendix   2.0). 

Initially,   Conveyor  #11  transports  the  wetted  spent  shale  to  a  disposal 
storage  bin  from  the  spent  shale  handling  and  disposal    area.     The  con- 
veyor  is  totally  enclosed  and,  therefore,  completely  contains   any  poten- 
tial  dust  emissions.     Sketch  MSK-6  describes  the  coveyor  cover. 

As  the  spent   shale   is   loaded   into  the  storage  bin  by  Conveyor  No.   11, 
some  dust  will    be  generated    in  minor  quantities   as  defined  by  emission 
point   (30).     Water  will   be  added  to  the  spent   shale  to   a  10%  by  weight 
moisture   level.     No  additional   dust  control   will    be  needed,   since  studies 
have  shown  that   10%  moisture  effectively  prevents  dust  generation.     The 
bin  will    be  maintained   as  empty  as  possible  and   used   as  a   loadout   to 
haulage  trucks. 

1 1 1-7 


u.       The  spent   shale  will   be  transferred   from  the   storage  bin  by  a  bottom 
loadout  to  120  ton  haulage  trucks  which  will    transport  it  to  the  spent 
shale  stockpile.     During  the  bottom  loadout,  no  discernable  quantities   of 
dust  will    be  generated  because  of  the  dampened  materials.      No  control 
will,   therefore,  be  proposed   at  this  point.     Emission  point   (31)  defines 
the  dust  produced. 

v.       The  spent   shale   is   transported  by  haulage  trucks   at   a  rate  of  52,700  TPD 
to  the  spent  shale  stockpile.     Since  these  roads   are  on  the  spent  shale 
stockpile,  dust  will   be  generated  by  the  truck  movement.     Emission  point 
(32)  defines  the  quantities  of  spent   shale  dust   to   be  generated. 
Watering  trucks   are  used  to  keep  the  road  damp  and  control    the  dust. 
Sketch  MSK-12  depicts  this  type  of  dust  control. 

w.       The  spent   shale   is   placed  on   a  specified  area  (limited  to   50  uncovered 
acres)   at  the  stockpile,   shaped,   and  compacted.     These  operations  plus 
wind  erosion  generate  dust  as  defined  by  emission   point   (33).     Water 
sprays  will   be  used  for  dust  control.     See  Sketch  MSK-12  for  the 
description  of  this  control. 

x.       As  the  spent   shale  stockpile  grows,   Conveyors  No.   15  and   16  will   be  added 
to  reduce  truck  haulage  distance  of  spent  shale.     The  transfer  points  of 
these  conveyors  will   generate  dust   at  emission  points  24,   25,   35  and   36. 
No  additional  dust  control  will   be  provided  at  these  points  since  the 
spent  shale  will   contain   10%  moisture,  which  effectively  suppresses  dust 
generation.     Both  conveyors   are  partially  covered,   shown   as  emission 
points   16  and   37.     The  description  of  these  conveyors   are  shown  on  Sketch 
MSK-6  (Appendix   1.0). 

Several   emission  points   (38,   40,   41,   42,   47,   49,   and   50)   describe  fugitive 
dust  emissions  of  native  soil    sources. 
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2.0     Mine  Vents: 

Two   large  ventilation   air   exhaust  shafts,  which   are   indent  if ied   as 
emission  points   (43)  and   (44),  will   exhaust   2.45  million  SCFM  each   to  the 
atmosphere.     A  tabular  summary  of  the  criteria  pollutants    is  depicted  on  Draw- 
ing EM-101.     The  underground  pollutants   are  generated  from  two  basic  opera- 
tions.    First,  the  diesel   driven   underground  vehicles  will   produce  CO,  NO  , 
hydrocarbons,  SOo,  HCHO  (aldehyde),  and   some  particulate.     The  movement   of 
the  vehicles   in  haulage  operations  and  conveyor  operations  will   contribute  to 
the  mine  dust  entrained  by  the  ventilation   air  which   is   subsequently  exhausted 
from  the  mine.     The  underground  controls  for  dust  will    be  extensive,  e.g. 
using  baghouses,  chemical    and  water  sprays,  chemical   suppression   in  vehicle 
areas,  and  baffles.     These  control    items  will  maintain  dust   levels  to  MSHA 
respiration  tolerances  of  2.0  mg/m    .     The  mine  dust  emissions   from  points 
(43)  and   (44)  will    be  based  on  this  tolerance.     Secondly,  blasting  operations 
will   produce  dust,  N0X  and  CO.     These  pollutants   are  not  continuous,  but 
rather  sporatic  and  reach  short  duration  peak   loads  while  the  diesel   driven 
pollutants  are  produced  at  a  more  steady  rate.     Emission  points  (43)  and   (44) 
are  the  discharges  to  the  atmosphere  through  the  two  34  meter  exhaust  stacks. 
Mine  Vent  Emissions.     When  discussing  the  mine  vent  emissions,  the 
concentration  parameters  should   be  noted.     Mine  vent  flow  is   2.45  million  SCFM 
through  each  of  two  34  foot  diameter  stacks.     Resulting  gas  velocities   are 
3760  ft/min.     The  combined  maximum  pollutant  concentrations   are   as  follows: 

PPM(wt) 

CO  93.7 

N0Y  118.5 

HC  7.9 

S02  7.1 

Particulates  32.0 

Aldehyde  1.6 

These  pollutants   are  too  dilute  to  employ  any  SOo  scrubbing  pro- 
cess,  CO  or  HC  combustion  technique,  or  baghouse  technique  on  the  particu- 
lates.    Therefore,  these  emissions   are  discharged  to  the   atmosphere  without 
further  treatment. 
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3.0     FLUE   GAS   DESULFURIZATION 

Table   III-l  shows  the  expected  pollutants  entering  the   atmosphere 
from  the  Surface  Processing  Facility  flue  gas   stacks. 


TABLE   III-l 
STACK  GAS   POLLUTANTS1 


Pollutant  Tons/Day  Tons/Year 


N0X  83.09  30,316.9 


83 

.09 

20 

.62 

Note  3 

0.7 

S02  20.6'  7,512.8 

CO 

Particulates  0.7  256 

1.  Total  from  five  Flue  Gas  Stacks  (See  Calculations  in  Appendix  3.0) 

2.  This  is  SOp  remaining  after  95  percent  Flue  Gas  Desulfurization . 

3.  Sufficient  excess  air  is  used  in  the  boilers  to  burn  CO  to  COo. 

4.0  ABOVE  GROUND  RETORTING  (AGR) 

Table  III-2  shows  the  expected  pollutants  entering  the  atmosphere 
from  th-e  Above  Ground  Retort  (Lurgi   Units)  Waste  Gas  Stack. 


Pollutant  Tons/Day  Tons/Year 


TABLE    III   -   2 

LURGI 

STACK  GAS    POLLUTANTS 

Tons/Day 

4.62 

1.29 

28.2 

3.3 

N0X  4.62  1,686.3 

S02  1.29  470.8 

CO  28.2  10,293.0 

Particulates  3.3  1,204.5 

1.       Total  from  seven  Flue  Gas  Stacks  (See  Calculations  in  Appendix 
3.0). 
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5.0     TANK  FARM: 

Emissions  from  the  shale  oil   storage  tanks   are  theoretically  zero. 
This    is   achieved  by  the  following  methods:     The  storage  tanks   are  sealed  to 
prevent   any  gas  or   liquid  entering  or  exiting,  except  within   the  confines  of  a 
closed  piping  system.     Gases  which   are  displaced  or  evolved  from  the  stored 
shale  oil   are  collected  and  fed  to  a  common  control    system.     In  this  control 
system,   any  condensate   is  pumped  back   into  the  storage  tanks  and 
noncondensible  gases   are  compressed   and  discharged   into  an  existing  gas   stream 
that   is  routed   into  the  existing  gas   treatment  facility. 
6.0     OTHER  FUGITIVE  EMISSIONS: 

There  are  diesel   powered  equipment  operations  conducted  aboveground 
for  the  movement  of  spent  shale,  raw  shale  and  topsoil,   i.e.   (8)  120  ton  end 
dump  trucks   (1200  HP  each),    (2)   D9  dozers,    (1)   14  Ft.   Blade  Grader,  and    (1) 
5000  Gal.  water  truck.     All   of  the  diesel   powered  equipment  will    generate 
criteria  pollutants,   i.e.  S0o»   CO,  NO     and  particulate.     These  pollutants 
are  described  on  Drawing  EM-101  as  emission  point  (51).     These  vehicles  will 
be  maintained  to  meet  applicable  emission  requirements. 
7.0     EMERGENCY  EMISSIONS 

Redundancy  and  flexibility  has  been  designed   into  each  portion  of 
the  plant  to  ensure  dependability  and  operational   efficiency.     Therefore, 
situations  giving  rise  to  emergency  considerations   have  been  minimized.     The 
flue  gas  boilers  have  supplemental   firing  with  fuel   oil    such  that  the  onstream 
reliability  of  the  boilers   is  maximized  to  accomplish  their  primary  task   as 
thermal   oxidizers. 

Two  flare  systems  are  provided  for  The  MIS  off gas   system  and  the 
Lurgi   retort  trains  for  emergency  conditions  related   to  those  systems. 

No  continuous  flaring  of  any  stream  is   envisioned   and   great 
redundancy  is  designed   into  the  overall    facility  to  minimize   interruptions 
giving  rise  to  conditions  necessitating  flaring. 

Tables  EM- 104,   EM- 105  and  0XY-2  (Appendix  4.0)summarizes  Tract  C-b 
emission   sources   and  quantities. 
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IV.  BACT  ASSESSMENT 

1.0  Pollutant  Applicability 

The  assessment  of  BACT  is  limited  to  those  pollutants  which  exceed 
the  de  minimus.  As  set  forth  in  the  August  7,  1980  changes  to  the  PSD 
regulations,  the  following  is  a  list  of  the  regulated  pollutants  and  their  de 
minimus  values: 


Pollutant 

De  minimus  Emission  Rate 

C-b  Emissions 

Carbon  monoxide 

100  T/y 

11461  T/y 

Nitrogen  oxides 

40  T/y 

33215  T/y 

Sulfur  dioxides 

40  T/y 

8213  T/y 

Particulate  matter 

25  T/y 

3066  T/y 

Ozone 

40  T/y  of  V.O.C. 

<40  T/y  V.O.C 

Lead 

0.6  T/y 

0.15  T/y 

Asbestos 

0.007  T/y 

0 

Beryl  1  ium 

0.004  T/y 

0 

Mercury 

0.1  T/y 

0.003  T/y 

Vinyl   chloride 

1.0  T/y 

0 

Fluorides 

3  T/y 

7.8  T/y 

Sulfuric   acid  mist 

7  T/y 

0 

Hydrogen   sulfide 

10  T/y 

•0 

Total   reduced   sulfur 

10  T/y 

0 

Reduced   sulfur  compounds 

10  T/y 

0 

An  assessment  has  been  made  to  determine  which  of  the  listed 
pollutants  would  be  emitted  at  or  above  the  listed  de  minimus  quantities. 

1.1  Carbon  monoxide,  Hydrocarbon  vapors,  Reduced  and  Total  Reduced 
Sulfur  Species,  Hydrogen  Sulfide,  and  Vinyl  Chloride 
All  the  listed  substances,  except  vinyl  chloride,  are  expected 
to  be  produced  by  the  retorting  and  the  oil  recovery  processes.  All  the 
listed  substances  would  be  subject  to  combustion  and  would  not  be  present 
beyond  the  boilers,  and  therefore  would  not  be  an  emitted  pollutant.  Vinyl 
chloride  is  not  present  in  the  raw  material  and  is  not  synthesized  by  the 
process. 
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1.2  Nitrogen  Oxides 

Nitrogen  oxides  will  be  emitted  as  products  of  combustion  from 
the  boiler  stacks  and  the  Lurgi  lift  pipe.  Approximately  90  tons/day  of  N0X 
is  anticipated  to  be  emitted  from  the  facility,  which  exceeds  the  40  tons/year 
de  minimus  limit. 

1.3  Sulfur  Dioxides 

Sulfur  dioxide   is   anticipated  to  be  emitted   from  the   plant   at 
the  rate  of  22.5  tons/day  which  exceeds  the  de  minimus  rate. 

1.4  Particulate  Matter 

Particulate  matter  is  anticipated  to  be  emitted  from  the 
facility  by  both  point  sources  and  fugitive  sources  at  a  rate  of  31.4  ton/day. 
This  rate  is  in  excess  of  the  de  minimus  level. 

1.5  Ozone 

Monitoring  for  ozone  is  required  if  the  net  emission  for 
volatile  organic  compounds  is  40  T/y  or  more.  All  V.O.C.  material  generated 
in  the  retorting  process,  recovery,  and  storage  will  be  fed  to  the  boilers  as 
fuel.  Therefore,  any  V.O.C.  emissions  from  the  facility  are  anticipated  to  be 
small.  This  is  supported  by  the  minimum  amount  of  handling  the  shale  oil  will 
be  subject  to,  the  low  temperatures  and  pressures  in  the  processes,  and  the 
low  vapor  pressure  of  the  shale  oil.  Even  though  hydrocarbon  emissions  are 
anticipated  to  be  below  de  minimus,  BACT  will  be  applied. 

1.6  Lead 

Analysis  of  the  retort  off gas  from  the  Logan  Wash  facility  has 
not   indicated  any  evidence  of  lead.     The  only  other  possible  sources  of  lead 
are  oil   shale  fugitive  and  point  source  dust  emissions.     The  highest   level   of 
lead  found   in  a  core  of  the  C-b  tract  was  65  ppm.     Using  this   level    and  the 
estimated  emissions  of  raw  and  spent   shale,   an  emission  of  about  0.82  lbs/day 
or   300  lbs/year  could  possibly  enter  the  ambient   air.     Since  the  de  minimus 
level   for   lead  emission   is   1,200  lb/year,   we  anticipate  being  well   below  the 
de  minimus   level    and  no  BACT  assessment    is  required. 

1.7  Asbestos  and  Beryllium 

Neither  asbestos  or  beryllium  have  been  detected  in  the  Green 
River  oil  shale  formation.  Therefore,  there  is  no  reason  to  expect  that  there 
could  possibly  be  an  emission  of  either  of  these  substances  as  a  result  of  the 
shale  oil  operations  at  Tract  C-b. 
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1.8  Mercury 

Mercury  has  been  found  to  be  present    in  the  oil    shale  at  Tract 
C-b.     It  ranged  from  0.055  to  0.18  ppm  by  weight.      In  control led-state  retort 
tests   performed  by  the  Laramie  Energy  Technical   Center,   it  was  demonstrated 
that  up  to   70%  of  the  mercury  in  the  oil    shale  was  mobilized.     Additionally, 
Phyllis  Fox,  of  the  Lawrence  Berkely  Laboratories,   performed  retorting  tests 
using  a  simulated  MIS  retort.     Ms.   Fox's  work  has  shown  that  mercury  is 
volatilized  from  the  oil   shale  as  the  temperature  rises,  but  readily  condenses 
on   lower  temperature  shale,  down   in  the  retort.     The  condensed  mercury  did  not 
revolatilize  until   the  advancing  flame  front  reached  the   last  part  of  the  re- 
tort. 

The  C-b  MIS  retorts  will   be  operated  such  that  the  off gas 
leaving  the  retort  will   be  less  than  340° C,  therefore  eliminating  the  possi- 
bility of  any  volatilized  mercury  in  the  of f gas .     Mercury  that  may  have  con- 
densed  in  the  oil  mist,  will   be  removed   in  the  contact  condensor,   along  with 
the  oi 1 . 

The  AGR  (Lurgi)  may  generate  some  combined  mercury  as  particu- 
late in  the  waste  gas  stream.     However,  this  stream  is  cooled  well   below  340°C 
before  it   is  passed  through  the  ESP.     Any  volatilized  mercury  would  have  con- 
densed and  would  be  carried  on  the  particulates   in  the  waste  gas  stream.     The 
ESP  is  designed  to  remove  99.9%  of  the  particulate   loading  in  the  waste  gas 
stream.     Therefore,   the  maximum  estimated  mercury  emission  from  the  AGR  off gas 
stream  is   0.016  lb/day,  or  5.84  lb/year. 

Mercury,   in   its  mineral   form,  will   also  be  present   in  fugitive 
particulates  generated  from  raw  and  spent  shale.     This  will   amount  to  a  max- 
imum of  about  0.263  lb/year. 

The  sum  of  these  emissions,   (6.103  lb/year)   is  well   below  the 
de  minimus   level   of  200  lb/year.     Therefore,   no  BACT  assessment   is  required. 

1.9  Fluorides 

Fluoride  is  present  in  the  oil  shale  as  CaF2  and  Na2~ 
(AlFg).  The  retorting  temperatures  of  both  the  AGR  and  MIS  processes  are 
well  below  the  volatilization  temperatures  for  both  of  the  fluoride  compounds. 
Thererfore,  no  gaseous  emissions  of  fluoride  are  anticipated. 

There  will  be  mineral  fluoride  emissions  that  are  due  to  the 
fluoride  content  of  the  particulate  emissions.  The  fluoride  mineral  composi- 
tion in  these  particulates  can  vary  from  600  to  3,400  wt.  ppm.  Using  the  max- 
imum concentration  and  the  estimated  particulate  emission  rate,  we  would 
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anticipate  a  maximum  mineral    fluoride  emission  rate  of  about   15,600  lb/year, 
which    is    in  excess  of  the  de  minimus   rate  of  6,000  lb/year.     Since  fluoride 
emissions   are  related  directly  to  the  particulate  emission  rate,  BACT  for  the 
particulates  will    also  constitute  BACT  for  control   of  fluoride  emissions. 

1.10  Sulfuric  Acid  Mist 

The  chemistry  of  the  associated  processes   are  such  that  no  sul- 
fur will    be  emitted    in  the  form  of  sulfuric  acid  mist. 

1.11  Summary  of  the  Assessment 

The  pollutants  noted   in  Table  IV-1  are  emitted   in  excess  of  the 
de  minimus,   and,    in  some  cases,  by  more  than  one  source.     Conversly,   some   in- 
dividual  sources  emit  more  than  one  pollutant.     The  SO2,   N0X  and  CO 
emissions   are  generated  by  MIS  offgas  combustion  and  combustion   in  the  Lurgi 
lift  pipe.     The  emissions   are  in  excess  of  the  de  minimus   and  BACT  is  re- 
quired.    Paticulate   is  emitted  from  the  Lurgi   system,  material   handling 
systems,  and   fugitive  emission  from  roads  and  disposal   piles.     Particulate 
emissions   are   in  excess  of  the  de  minimus  and  BACT  will    be  required.     Hydro- 
carbon fugitive  emissions  will   be  generated  through  the  handling  of  hydro- 
carbon  liquids.     The  quantity  of  hydrocarbon  vapor  that  could  be  emitted   are 
anticipated  to  be   less  than  de  minimus,  however,   BACT  will   be  applied  to  the 
emissions. 

TABLE    IV-1 
FACILITY  EMISSION  ESTIMATES 

Constituent TPD  Uncontrolled TPD  Controlled 

S02  419.2  22.5 

N0X  845.5  90.91 

CO  378.9  34.5 

TSP  30.4 

Fluorides  15,600  7.8 

Hydrocarbons 0.38 0.05 

2.0     Base  Case 

The  base  case  is  defined  as  the  likely  plant  configuration  if  PSD 
were  not  applicable  to  the  facility.  The  major  pollutant,  which  would  be  reg- 
ulated by  the  state  of  Colorado,  is  S0£.  The  Colorado  AQCC,  on  February  5, 
1980,  amended  their  regulation  concerning  S02  emissions  from  oil  shale 
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facilities  to  require  BACT  for  the  reduction  of  S02-  Therefore  the  base 
case  for  SO2  is  BACT.  The  other  pollutants,  N0X,  CO,  and  fluorides,  would 
not  be  controlled  since  there  are  no  NSPS  standards  for  oil  shale  facilities, 
and  the  state  regulations  would  not  require  control .  Particulates  are  regu- 
lated by  the  state  on  the  basis  of  process  weight  rate,  as  described  in  their 
regulation  #1.  Cyclones  are  generally  adequate  for  meeting  process  weight 
rate  standards,  and  hence  would  be  the  case  for  particulates.  Fluorides  exist 
as  part  of  the  mineral  form  of  the  oil  shale  and  is  only  associated  with  the 
particulates.  The  control  of  particulates  will  control  the  fluorides  by  de- 
fault. Storage  of  hydrocarbons  would  require  compliance  with  state  regulation 
#7  for  storage  tank  design  only,  since  the  facility  is  not  in  a  hydrocarbon 
control  region,  hence  the  base  case  is  compliance  with  Colorado  regulation 
#7. 

3.0  Selection  of  a  SO?  Control  Strategy 

An  investigation  into  alternative  control  strategies  was  made.  The 
work  was  divided  into  four  basic  reviews  covering  SO2,  N0X,  particulates, 
and  CO.  The  most  concentrated  effort  was  directed  to  SO2  removal  strate- 
gies. This  study  was  subdivided  into  two  categories,  fuel  cleaning  and  flue 
gas  cleaning.  Seven  fuel  gas  cleaning  technologies  and  nine  flue  gas  cleaning 
technologies  were  considered.  The  candidate  systems  were  screened  as  to  their 
compatibility  with  the  gas  stream  and  general  equipment  configuration  (Table 
IV-2).  Following  is  a  list  of  the  initial  candidate  systems: 

1.  Wellman  Lord 

2.  Shell/UOP 

3.  Diamox 

4.  Rectisol 

5.  Benfield 

6.  Dry  scrubbing 

7.  Citrate 

8.  Magnesia 

9.  Soda  ash 

10.  Ammonia 

11.  ADIP/MDEA  amine  process 

12.  DEA 

13.  Stretford 

14.  Research-Cottrel 1    Limestone 
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15.  Day  Saarberg-Holter  Lime 

16.  FMC  Double  Alkali 

The  initial  screening  narrowed  the  candidate  list  to  four  technologies: 

1.  FMC  Double  Alkali 

2.  Researach-Cottrel 1    Limestone 

3.  Davy  S-H  Lime 

4.  Stretford 

The  Stretford  was  further  evaluated  with  a  Bevin  Stretford  added,  bringing  to 
a  total  of  five  systems  that  are  evaluated  in  detail.  Appendix  5.0  contains 
the  detailed  description  of  the  17  processes  considered.  The  five  finalists 
were  then  evaluated  in  terms  of  the  following  criteria: 

3.1  Sulfur  Removal  Efficiency  Colorado  Air  Quality  Control  Regula- 
tions provide  standards  of  performance  for  new  stationary  sources,  including 
shale  oil  production  facilities.  The  standard  applicable  to  the  Cathedral 
Bluffs  project  requires  the  application  of  BACT,  and  further  limits  total 
emissions  under  BACT  to  18  tons  SO2  per  day,  with  a  requirement  to  meet  an 
emission  limit  of  0.3  lbs.  SO2  per  daily  barrel  of  production  by  1992  or  any 
time  prior  to  that  date  to  boost  production  beyond  that  allowed  under  the  18 
ton  per  day  total  SO2  "cap". 

On  the  basis  of  the  foregoing,  Cathedral  Bluffs  was  forced  to 
select  a  yery   efficient  sulfur  removal  process.  Vendors  were  contacted  and 
were  requested  to  specify  the  maximum  SO2  removal  efficiency  which  they 
could  guarantee  on  a  continuous  basis.  Maximum  warranted  removal  efficiency 
for  the  three  FGD  systems  examined  in  detail  (i.e.,  FMC,  Research -Cottrel 1 , 
and  Davy  S-H)  was  given  as  95  percent  based  on  the  gas  composition  provided 
(see  Table  1 1 - 1) .  On  further  inquiry,  if  was  confirmed  that  percentage  re- 
moval is  not  the  important  parameter,  but  rather  the  exit  concentration  of  the 
gas  following  treatment.  The  range  or  exit  gas  concentrations  which  could  be 
guaranteed  on  a  24-hour  basis,  or  thirty-day  average  encompassed  40-50  ppm, 
with  the  recognition  that  meeting  the  lower  limit  would  require  pushing  the 
state  of  current  FGD  technology. 

The  vendors  of  Stretford  fuel  gas  cleaning  equipment  will  guar- 
antee 99%  removal  of  H2S.  However,  the  presence  of  organic  sulfur  species 
in  the  MIS  offgas  which  are  not  materially  affected  in  the  Stretford  process, 
limits  the  overall  SO2  removal  efficiency  to  95-96%. 
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Considering  the  expected  offgas  characteristics,  vendor  will- 
ingness to  guarantee  performance,   and   physical -chemical    limitations  of  the 
several    process,   Cathedral   Bluffs  established  a  minimum  acceptable  removal 
efficiency  criterion  of  95%. 

3.2  Other  Environmental'  Impacts     Some  processes,   in   the  course  of 
removing  sulfur  from  the  MIS  gas,  can  adversely  affect  the  environment   in 
other  ways.     An  example  is  the  production  of  a  wastewater  stream  which   is 
extremely  difficult  or  expensive  to  treat,   especially  with  a  goal   of  zero  dis- 
charge.    Such  disadvantages  have  been  properly  weighed  against  any  advantages 
these  processes  might  exhibit   in  the  desulfurization  step  itself.     Solving  an 
air  pollution  problem  by  creating  a  water  or  solids  pollution  problem  is  to  be 
avoided   as  a  matter  of  policy. 

3.3  Commercially  Proven     Only  commercially  proven  processes  have 
been  considered,  despite  the  possibility  that  an  emerging  system  or  technique 
might  someday  prove  to  be  superior.     Pol  icy  dictates  that  the  commercial   plant 
operation  must  meet  established  design  specifications.     Experimenting  with 
possibly  superior  but  commercially  unproven  technology  and  equipment  would 
jeopardize  the  objective. 

3.4  Scale-Up  Practicality     Technology  and  equipment  which  have  been 
proven   in  pilot,  bench  scale,  or  semi -commercial   operations  but  which   involve 
uncertainties   in  scale-up  to  commercial   size  are  unacceptable.     Vessel   or 
other  equipment  sizes   in  new  and  unknown  areas  of  experience  are  to  be  avoided 
due  to  the  risks  of  inoperability  or  failure  to  meet  design  specifications. 

3.5  Operability  and  Reliability     Any  plant  facility  must  perform  in 
a  reliable^and  consistant  manner.     This  means   that  the  equipment  must  demon- 
strate a  high  degree  of  operability,  with  reasonable  endurance,   safety,   and 
reliability.     Equipment  reliability,  on  a  par  with  typical   refinery  and  chem- 
ical  plants,    is  mandatory.     Exotic,   hard-to-operate,  or  high  maintenance 
equipment  or  process  systems  are  unacceptable. 

3.6  Energy  Efficiency     In  evaluating  alternative  processes,  due 
consideration   is  given  to  energy  efficiency.     Some  processes    inherently  re- 
quire more  energy  than  others   in   accordance  with  their  chemical   and   physical 
schemes.     For  some  treatment  processes,  the  gas  must  be  compressed  to  extreme- 
ly high  pressures   and  this  would  be  reflected   in  a  higher  energy  consumption. 
The  effect  of  stripping  steam  on  an  overall    energy  balance  can   also  be  signif- 
icant.    These  criteria  severely  penalize  energy-intensive  processes. 
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Figures   IV-1  through  IV-10  are  brief  summaries  of  the  final 
candidates.     Table  IV-3  compares  the  five  remaining  technologies. 
3.7     Process  Considerations  and  Selection 

The  five  processes  selected  for  final  consideration  have  been 
demonstrated,  to  appreciable  degrees,  on  commercial   scales   in  process  applica- 
tions  approximating  the  C-b  design.     Not   all  of  these  demonstrations,  however, 
have  been  at  the  95%  SO2  removal   level. 

The  Stretford   Process  has  only  been  commercially  built  and 
operated  for  gas  volumes  of  1/4  the  volume  to  be  handled  per  train  at  C-b. 
The  towers  for  the  Stretford   Unit  would  be  100%  larger   in  diameter  and  400% 
larger   in  area  and  capacity  than  any  previously  built  tower.     The  scaleup 
structural   problems   associated  with  such  large  towers   are  unknown.      In 
addition,  the   incineration   system  proposed  for  recycling  spent  Stretford 
solution  has  not  yet  been  commercially  demonstrated. 

The  Research-Cottrell   Limestone  Process  has  had  a  successful 
commercial  demonstration  at  Texas  Utilities  Martin  Lake  Facility  in  East 
Texas,   after  some  initial   pH  control  and  gas  distribution  problems  were 
solved. 

A  commercial   scale  FMC  Double  Alkali  Process  has  been  success- 
fully demonstated  at  several  major  industrial  power  plants  of  Caterpillar 
Tractor  Company,  ranging  in  size  from  30  to  250  MW.     Consistent  SO2  removals 
at  the     90%  level   have  been  demonstrated  for  this  process.     However,  no 
commercial   installation  has  yet  demonstrated  95%  SO2  removal  on  a  monthly 
average  basis. 

The  Davey  S-H  Process  has  been  successfully  demonstrated  on  125 
and   700  MW  power  plants   in  West  Germany.     Additionally,  other   lime  systems 
have  been  successfuly  used   in  the  United  States  and  abroad.     The  Davey  S-H 
system  does  have  the  distinct  advantage  over  limestone  systems  of  using  a 
clear  solution  for  scrubbing,   as  opposed  to  slurry.     However,  no  commercial 
units  have  been  designed  for  or  operated  at  the  95%  SO2  removal   level. 

According  to  Parson's  Engineering,  the  Bevin  sulfur  recovery 
plant  (BSRP)  has  been  well  demonstrated.     The  molybdenum  catalyst  catalytic- 
reactor  design   is   in  operation  with  Clause  Tail   Gas  Cleaning  systems  on  more 
than  70  installations.     Since  Stretford  plants  are  well  demonstrated,  no  major 
problem  is  foreseen   in  putting  a  Stretford  ahead  of  a  Bevin  Sulfur  Recovery 
Plant  (BSRP). 
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The  bottom  portion  of  Table   IV-3  shows  cost  comparisons  of  the 
listed  technologies.     The  comparisons  are  based  on  capital    installed  cost,  de- 
preciated by  the  straight   line  method  over   10  years.     This  figure  is   assessed 
for  a  three  year  period   in  conjunction  with  the  operating  and   utility  cost  for 
three  years.     The  total   three  year  cost  was  divided  by  the  tonnage  of  sulfur 
each  process  would  remove  over  a  three  year  period  at  full   production  capacity 
to  yield  dollars  per  ton  of  sulfur  removed.     It  can  be  seen  from  the   last 
entry  of  the  table  that  the  Davy  S-H  is  the   lowest  at  $285/ton  followed  by 
Stretford   at  $307/ton,   FMC  at  $348/ton,  Research-Cottrel 1    at  $396/ton  and 
BSRP  at  $702/ton.     The  Bevin  sulfur  removal   system  is  considerably  more  costly 
than  the  other  systems  and  will   be  excluded  from  the  cost  analysis.     Looking 
at  the  remaining  four  processes,  the  average  cost   is  $334/ton,  with  a  standard 
deviation  of  $48.93/ton.     Considering  the  accuracy  of  these  factored  cost 
estimates  to  be  20%,  the  costs  shown  for  the  four  systems   are  actually 
equivalent  to  each  other  and  hence  one  system  should  not  be  favored  over  the 
others  on  a  cost  basis. 

The  sulfur  removal   efficiency  is   the  same  for  the  four  process- 
es, which  makes  them  equivalent  to  each  other   in  that  respect  also.     The  BSRP 
may  remove  up  to  220,418  tons  of  sulfur  over  a  three  year  period  compared  to 
the  four  other  systems  which  could  each  remove  213,669  tons  -  a  difference  of 
6,749  tons  per  three  years.     Comparing  the  average  cost  figure  of  the  four 
systems,   $334/ton  to   $702/ton  for  the  BSRP,  the  Bevin  process  will  cost 
$358/ton  more.     The   incremental   cost  difference  for  removing  the  6,749  tons 
would  be  ($334/ton)    (213,669  tons/3  years)   -  ( $702/ton) (220,418  tons/3  years) 
=  $83,367,990  (see  Table   IV  4). 

The  energy  requirements  for  the  five  processes  are  shown  on 
Table  IV-5.     Davey  S-H  shows  the   lowest  energy  requirement   at   53.2x10° 
BTU/day,   followed  by  FMC  at   314xl06  BTU/day,   Stretford   at  2.91xl09 
BTU/day,   Research-Cottrel 1    at  4.28xl09  BTU/day  and  BSRP  at  23.6xl09 
BTU/day.     The  FMC  energy  figure   is   lower  than  the  other  FGDs  because  the  ven- 
dor quoted  the  system  based  on  the  generation  of  calcium  sulfite,   instead  of 
calcium  sulfate.     Both  Reseach-Cottrell    and   Davey  S-H  generate  a  calcium  sul- 
fate product.     If  the  FMC  unit  were  to  have  an  oxidizer  section  added  to  con- 
vert the  calcium  sulfite  to  sulfate,  an  additonal    4.2xl09  BTU/day  would  be 
required  which  would  raise  the  FMC  energy  total   to   4.25xl09  BTU/day.     (See 
Table  IV-5). 
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The  byproducts  of  the  sulfur  removal  processes  vary  according 
to  the  process.  Research-Cottrell  and  Davey  S-H  processes  both  generate  cal- 
cium sulfate.  The  FMC  cost  estimate  was  based  on  generation  of  calcium  sul- 
fite, a  more  difficult  material  to  dispose  of,  unless  it  is  mixed  with  mater- 
ial which  will  provide  a  more  stable  sludge.  The  Stretford  and  BSRP  systems 
generate  a  sulfur  cake  which  may  require  land  filling.  Calcium  sulfate  or 
calcium  sulfite  could  be  mixed  with  the  spent  shale  from  the  surface  retort 
and  disposed  of.  Disposal  of  these  wastes  is  not  anticipated  to  be  a 
problem. 

The  cost  and  energy  impacts  of  the  evaluated  sulfur  removal 
technologies  succeed  in  clearly  eliminating  the  BSRP.  Both  the  high  cost  of 
sulfur  removal  and  the  exorbitant  energy  requirement  show  the  BSRP  not  to  be 
the  proper  choice.  Also,  the  incremental  costs  shown  in  Table  IV-4  demon- 
strate the  impractibility  of  using  BSRP.  The  cost  analysis  and  control 
efficiency  of  the  remaining  processes  show  them  to  be  equivalent.  The  energy 
analysis,  however,  shows  strong  favor  toward  the  Davey  S-H  process.  The 
apparent  energy  efficiency  of  the  Davey  S-H  warrants  further  analysis.  The 
Davey  S-H  requires  the  use  of  lime  as  the  scrubbing  reagent.  The  regional 
availability  of  lime  in  the  quantities  required  is  not  firmly  established.  In 
the  event  sufficient  lime  could  not  be  guaranteed,  either  a  calciner  would 
have  to  be  considered  or  a  limestone  scrubber  would  have  to  be  chosen.  If  a 
calciner  were  chosen,  then  considerable  energy  penalty  would  have  to  be  added 
to  the  Davey  S-H,  making  it  comparable  to  the  Research-Cottrell  and  the  FMC, 
with  an  oxidizer.  Also,  the  operation  of  a  calciner  would  create  an  addition- 
al emission  source  to  impact  the  site  area.  Further,  Davey  S-H  is  licensed  by 
a  foreign  manufacturer,  which  adds  difficulty  in  procurring  the  system. 

The  energy  requirements  for  the  Stretford  plant  make  it  attrac- 
tive compared  to  Research-Cottrell  and  FMC  with  an  oxidizer.  Since  the 
efficiencies  of  these  systems  are  rated  equal,  then  logically  the  Stretford 
would  be  favored.  Unfortunately,  there  is  some  uncertainty  concerning  the 
organic  sulfur  fraction  in  the  off gas.  The  probability  of  the  C-b  facility 
having  a  much  higher  organic  sulfur  fraction  in  the  MIS  gas  stream  than  is 
presently  accounted  for  is  yery   likely.  Organic  sulfur  is  not  removed  yery 
efficiently  by  Stretford  and  hence  its  sulfur  removal  efficiency  would  de- 
cline. Work  is  currently  in  progress  to  quantify  the  organic  species  in  the 
offgas  from  C-b  shale,  but  will  not  be  completed  until  late  1981.  Until  the 
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new  gas   analysis  results  are  available,   it  would  not   be  prudent  to   specify  a 
Stretford  process   at  this  time,   especially  since  the  two  other  processes  have 
been  shown  to  be  equivalent   in   a  sulfur  removal   efficiency  which   is  not  sub- 
ject to  changes    in  MIS  gas  composition. 

The   limestone  scrubbers,   Research-Cottrell    and  FMC,  can  operate 
at  the  design  exit  concentration  of  44  ppm  (vol),  even   if  the  organic  sulfur 
fraction  should   increase   in  the  off gas  .     Organic   sulfur   in   the  gas   stream  is 
all   oxidized  to  sulfur  dioxide  such  that  the  scrubbers  never  see  the  varia- 
tions  in  the  original    sulfur  species   -  only  S0£.     The  efficiency  of  the 
scrubbers   is  controlled  by  the  rate  at  which  the  gas   is  contacted  by  the   lime- 
stone reagent.     Flexibility  will   be  designed   into  the  facility  to  allow  for 
changes   in  SO2  concentration  to  maintain  the  exit  concentration  specifica- 
tion. 

The  evaluation  of  the  sulfur  removal   technologies  supports  the 
selection  of  a  lime  or  limestone  flue  gas  desulfurization  process  designed  for 
an  SO2  exit  concentration  not  to  exceed  a  30  day  rolling  average  of  44  ppm 
(vol). 

The  Lurgi   process  generates  sulfur  dioxide  at  20  ppm  (vol)  as   a 
result  of  the  unique  chemistry  which  takes  place  in  the  lift  pipe.     The  major- 
ity of  the  sulfur  dioxide  initially  produced  through  the  combustion  process   in 
the  lift  pipe   is  reacted  with  calcium  and  magnesium  oxides  formed    in  the  lift 
pipe,  resulting  in  the  formation  of  calcium  and  magnesium  sulfate.     The  sulfur 
removal   takes  place  within  the  lift  pipe  without  the  need  for  additional 
equipment  or  processes.     The  resultant  SO2  emission  of  20  ppm  is   too  dilute 
for  existing  sulfur  removal   processes  to  provide  further  significant  reduction 
of  sulfur.     Therefore,  no   additional   control    is   needed  to   achieve  BACT  for 
SO2,   with  the  proposed  Lurgi  configuration. 
4.0     Selecton  of  N0y  Control  Strategy 

Evaluation  for  the  control   of  nitrogen  oxides    is   limited   to  two 
approaches.     The  first   is   fuel   cleaning,  by  which  ammonia  is  removed  from  the 
fuel    gas.     The  second   is  the  combustion  of  a   low  BTU  gas  (65-70  BTU/scf)  that 
produces   low  flame  temperatures   (1500-2100°F)  and   utilizes   low  excess  air 
rates.     Ammonia   is  removed  from  the  fuel   gas  by  the  pre-cooler/ammonia  scrub- 
ber tower.     The  scrubber  will   remove  approximately  1120  moles/hr  of  ammonia 
from  the  flue  gas.     This  decrease  of  ammonia  will    provide  a  91%  reduction  in 
N0X  expressed  as  N02-     There   is   no  commercially  available  system  known  at 
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TABLE  IV- 3 
SUMMARY  OF  DESULFURIZATION  SCHEMES 


RESEARCH-COTTREIL 
LIMESTONE  SCRUBBING 


DAVY  S-H 
PROCESS 


FMC 
DOUBLE  ALKALI 


STRETFORD 
PROCESS 


ORG   SULFUR 
COMV-STRETFORD 


FEED  RATE  (SCFM) 

3.32  x  10° 

STREAM  TREATED 

FLUE  GAS 

SULFUR  CONTENT  (PPMV) 

so2 

1,000 

H2S 

0 

ORGANIC  SULFUR 

0 

SULFUR  REMOVAL  (%) 

95 

SULFUR  EMISSIONS  (T/D) 

11 

NO.  OF  TRAINS 

5 

NO.  OF  ABSORBERS/TRAIN 

2 

ABSORBER  SIZE  (FT) 

32  0 

UTILITY  REQUIREMENTS 

POWER  (KW)  /  day 

23,000 

STEAM  (LB/HR) 

175,620 

FUEL  OIL  (BPSD) 

0 

INSTRUMENT  AIR  (SCFM) 

340 

PLANT  AIR  (SCFM) 

340 

UTILITIES  COST 

M  $  /DAY 

26.80 

B/D  SHALE  OIL  EQUIV.'7' 

893 

CHEMICAL  REQUIREMENTS 

LIMESTONE  (T/D) 

587  -  623 

SODA  ASH  (T/D) 

0 

LIME  (T/D) 

0 

CATALYST 

3Y  PRODUCTS 

GYPSUM  (T/D)  WET 

1157  -  1224 

CALCIUM  SULFITE  T/D 

0 

SULFUR  (ST/D) 

0 

CAPITAL  COST  ($MM) 

UNIT  COST 

82.2 

COMBO-TOWER 

0 

SLUDGE  OXIDATION 

0 

TOTAL 

82.2 

EVALUATED  COST  ($MM) 

CAPITAL 

82.2 

OPERATING  LABOR  (3  YRS) 

1.1 

MAINTENANCE  (3  YRS  @  4X) 

9.9 

UTILITIES*1 )(3  YRS) 

29.3 

CHEMICALS^2' (3  YRS) 

17.9 

INSURANCE^3' (3  YRS) 

1.8 

BY  PRODUCT-  CREDIt'4'(3  YRS) 

0 

3  YEARS  DEPRECIATED  CAPITOL 

(9)   24.66MM 

TOTAL 

84.66 

($M)/T  OF  SULFUR  REMOVED 

396 

3.32  x  10u 
FLUE  GAS 

1,000 

0 

0 

95 

11 

5 

8 

ROTOPART 

12,430 

11,330 

0 

340 

340 

11.61 
387 

0 

0 

287  -  310 


1049  -  1118 
0 
0 

65.9 

0 

0 
65.9 

65.9 

1.1 

7.9 
12.7 
18.0 

1.5 
0 
19.77MM 
60.97 
285 


3.32  x  10° 
FLUE  GAS 

1,000 

0 

0 

95 

11 

•  5 

2 

30  0 

15,600 

0 

0 

340 

340 

14.40 
480 

0 

36 

312 


0 

1200 

0 

80.7 

0 

3.0 

80.7 

80.7 

1.1 

9.7 
15.8 
21.8 

1.8 
0 
24.21MM 
74.41 
348 


1.75  x  10° 
MIS  GAS 

0 

1,700 

80 

95 

11 

5 

2 

33  0 

10,850 
62,500 

228 

375 

375 

17.21 

574 

0 
0 
0 


0 

0 
175 

98.4 

8.7 

0 

98.4 

98.4 

1.1 
11.8 
20. 9( 

2.1 

2.2 
(2.1) 
25.92MM 
66.12 

307 


,(5) 


1.75  x  10° 
MIS  GAS 

0 

1,700 

80 

98 

5 

2 

33  0 

57,050 

125,000 

3,400 

938 

938 

56.48 
1,882 

0 

0 

0 

11,000 

0 

0 

185 

372.3 

8.7 

0 

381.0 

381.0 

2.1 
45.7 
78.2 
18.4 

8.6 

144. 3MM 
155.1 
702 


NOTES:   (1)  POWER  9   3-1/24/KWH,  STEAM  9   $4.60/M  LBS,  CONDENSATE  9   $3.00/M  LBS,  FUEL  OIL  9   $15.75/BBL  ($2.70/MM8TU) , 

(2)  LIMESTONE  9   $27/T0N,  SODA  ASH  9   S77/T0N,  LIME  9   $55/T0N 

(3)  INSURANCE  9   0.75%  OF  CAPITAL  COST  PER  YEAR 

(4)  GYPSUM  9   0,  SULFUR  9   $U/TON,  SULFATE  I?  0   ' 

(5)  INCLUDES  ADDITIONAL  6800  KW  PENALTY  FOR  UNIT  aP  ANO  NO  ID  FANS 

(6)  BASED  ON  675,000  LBS/HR  STEAM  9   $4.60/M  LBS  OR  71.0  MW  9   3-1/24/KWH 

>(7)  BASEO  ON  $30/BBL  SHALE  OIL 

(8)  HYDROTREATING  CATALYST  M$ 

(9)  10  YEAR  STRAIGHT  LINE  DEPRICIATION 
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WATER  9   S3.00/M  GAL 


TABLE  IV  -  4 
COST  COMPARISON 

1)  FMC  Double  Alkali 

2)  Research-Cottrell 

3)  Davey  S-H 

4)  Stretford BSRP         Incremeted  BSRP 

Tons  removed/3  yrs.  213,669  220,418  6,749 

Dollars/ton  x  Tons  removed     71,365,446        155,108,147         83,742,701 


TABLE  IV  -  5 

ENERGY  COMPARISON 
BTU/day  (equivalent  barrels  of  oil /day) 


Research- 
Cottrell 

Davey  S-H 
314  x  106 

FMC 

Stretford 
2.91  x  109 

BSRP 

4.28  x  109 

53.2  x  106 
additional  sludgeg 
oxidizer  4.2  x  10 

23.6  x  109 

(713)        (52)  (708)  (485)        (3933) 
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FIGURE  IV-2 
DOUBLE  ALKALI  PROCESS 


S02  ABSORPTION 


Na2S03  +  S02  +  H20  --->  2NaHS03 
(SONIUM  (SODIUM 

SULFITE)  BISULFITE) 


NaOH  +  SOo  --->  NaHSO- 


ACTIVE  NaHC03  +  S02  --->  NaHS03  +  C02 

SODIUM  (SODIUh 

MAKEUP  BICARBONATE) 


Na2C03  +  2S02  +  H20  --->  2NaHS03  +  C02 
(SODA  ASH) 


SULFATE  FORMATION  IN  SCRUBBING  SOLUTION 


a2S03  +  l/202  --->  Na2S04 

(SODIUM  SULFATE) 


REGENERATION  OF  SCRUBBING  LIQUID 


4NaHS03  +  2Ca(OH)2  --->  2Na2S03  +  2CaS03-l/2H20)  +  3H20 
(SLAKED  LIME)  (CALCIUM  SULFITE) 
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FIGURE  IV-4 
RESEARCH  -  COTTRELL 


ABSORPTION 


2H20  +  2S02  <—->2H2S03"<  =  --  3H+  +  HS03"  +  S03"2 
2H+  +  S03"2  <---  H2S03 


SLURRY  REACTION  AND  PRECIPITATION: 

H20  +  2CaC03  <---  2Ca+2  +  HCO~  +  OH" 

(LIMESTONE)       (BICARBONATE)  (CARBONATE) 

1/2H20  +  Ca+2  +  S03'2  — >  CaS03-l/2H20 

(CALCIUM  SULFITE) 
OXIDATION: 

1  1/2H20  +  CaS03-l/2H20  +  1/2GL— >  CaS04"2H20 

(CALCIUM  SULFATE) 
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FIGURE  IV-6 
DAVY  SAARBERG  -  HOLTER 


ABSORPTION 


20H"  +  S02  — ->  2HS03' 


(BISULFITE) 


H20  <---  H+  +  OH" 

HCOO"  +  H+  <"-  HCOOH 
(FORMATE)       (FORMIC  ACID) 

OXIDATION: 

Ca+2  +  2HS03"  +  20H"     +  02   — ->  CaS04-2H20  +  S0~2 

(GYPSUM) 

MIXING  SECTION: 

Ca(OH)2  — >  Ca+2  +  20H~ 


2HCOOH  +   20H      — ->  +   2HCOO     +  2H20 


2H+  +  S04"  +  Ca+2  +  20H"   --->  CaSU^O 
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FIGURE  IV-8 
STRETFORD 


ABSORPTION: 

H2S  --->  HS"  +  H+ 

HS~  +  2V5  -— >  S  +  H+  2V4 


OXIDATION: 


V+4  +  02  — >  V+5 
ADA 


ADA:  ANTHRAQUINONE  DISULFONIC  ACID 
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FIGURE  IV  -  10 
STRETFORD  -  BEVIN  STRETFORD 


(COS,  CS9  RSH)  =  Organic  (org) 

Absorption 

org  +  H2S  >  HS"  +  H+  +  org 

org  +  HS"  +  2V5  >  S  J  +  H+  +  2V+4  +  org 

i 
Oxidation   v 

v+4  +  o2  455.  >  V+5 

Organic  Sulfur  Reduction 

COS  +  H2  >  H2S  +  CO 

CS2  +  H2  >  2H2S  +  CH4 

R-SH  +  H2 >  H2S  +  RH 


Absorption 

H?S 



>  HS"+  H+ 

HS"+ 

2V+5 

>  S  J  ■ 

i 

V 

Oxidation 

v+4  +  o2 

ADA    .,+5 

,+     ow+4 
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this  time  that  would  provide  for  more  than  a  91%  reduction,  hence  the  ammonia 
scrubber  combined  with  combustion  of  low  BTU  gas  would  constitute  BACT. 

The  N0X  emission  from  the  Lurgi  process  is  only  1  ppm  (vol)  in 
concentration.  There  are  no  known  commercial  processes  that  could  reduce  the 
N0X  below  1  ppm  (vol),  therefore  BACT  for  the  Lurgi  plant  is  no  control. 
5.0  Selection  of  CO  Control  Stategy 

The  Lurgi  plant  generates  82%  of  the  carbon  monoxide  emitted  from 
the  facility  through  decomposition  of  carbonates.  The  remaing  18%  is  emitted 
by  mine  exhaust  shafts,  surface  vehicles,  emergency  power  generators,  and  the 
cement  batch  plant.  The  CO  in  the  Lurgi  flue  gas  is  present  at  a  concentra- 
tion of  approximately  1000  ppm.  The  heating  valve  of  the  flue  gas  is  0.32 
BTU.  The  only  practical  method  of  removing  CO  is  by  combustion  to  CO2.  Due 
to  the  low  heating  valve  of  the  flue  gas,  an  additional  76.1  x  10^  BTU  or 
12,676  barrels  of  oil  would  be  required  to  bring  the  gas  to  100  BTU/scf  to 
combust  the  CO  to  C0£.  Such  a  large  energy  requirement  is  not  practical, 
considering  the  small  quantity  of  CO  removed,  plus  the  additional  pollutants 
that  would  be  generated  from  the  combustion  of  the  oil.  Accordingly,  BACT  for 
the  Lurgi  CO  emission  is  no  control. 

6.0  Selection  of  a  TSP  Control  Strategy 

The  facility  has  several  sources  of  particulate.  Most  sources  are 
of  a  fugitive  nature  and  the  remaining  are  point  source  emissions.  The  fugi- 
tive emissions  are  controlled  by  using  water  sprays  and  chemicals  as  recom- 
mended by  EPA  guide  lines  for  the  control  of  fugitive  emissions.  Proper  man- 
agement using  these  guidelines,  as  described  in  section  II  of  this 
application,  would  constitute  BACT.  Particulate  point  sources  are  in  three 
basic  categories.  Dust  generated  through  the  handling  of  oil  shale  by  the 
crushing  screening  operation,  the  emission  from  the  Lurgi  lift  pipe,  and  the 
mine  vents.  Particulate  control  in  the  crushing-screening  operation  is 
described  in  Section  II  and  consists  of  13  baghouses,  and  covered  conveyors 
with  water  chemical  spray  equipment.  The  application  of  these  controls  is 
designed  to  provide  the  maximum  control  practical  and  therefore  is  BACT. 

The  flue  gas  from  the  Lurgi  lift  pipe  is  passed  through  an  electro- 
static precipitator  (ESP)  designed  to  remove  99.9%  of  the  particulate.  The 
ESP  is  a  design  which  will  remove  more  particulate  than  will  a  baghouse.  Bag- 
houses  will  not  capture  material  less-than  2  microns  in  size,  while  an  ESP 
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will.     Since  the  AGR  facility  will   generate  the  finest  material,   the  ESP  is 
most   applicable  for  this   applicaton  and    is  considered  BACT. 

The  mine  vent   shafts,  numbers   1  and   2,   emit  small   concentrations   of 
CO,   particulate,   N0X,   and  SC^.     The  concentration  of  these  pollutants   are 
respectively  16  ppm,  6  ppm,   0.2  ppm  and  0.0012  gr/SCF.     The  concentration  of 
these  pollutants    is   sufficiently  diluted  that  no  equipment    is  commercially 
available  which  could  reduce  the  emissions  effectively.     The  flow  rate  on  the 
vents    is   3.4  x   10^  SCFM.     BACT  for  vent   shafts   1  and   2  is  considered  to  be 
no  control . 

7.0     Fluoride  Control  Strategy 

Fluoride   is  contained  elementally  in  the  mineral    form  of  the  oil 
shale  CaF£  and   Na2(AlF5).     The  processing  does   not   alter  the  fluoride 
mineral,   hence   it   is  part  of  the  fugitive  and  point  source  particulate 
emission.     The  applicaton  of  BACT  on  particulate  sources    is   also  application 
of  BACT  on  fluoride. 

8.0     Hydrocarbon  Control  Strategy 

Hydrocarbon  emission  from  oil   shale  storage  and  diesel    storage  tanks 
will   be  conveyed  via  vapor  recovery  systems  to  the  boilers.     Valves  on  the 
tank  farm  facility  will   be  maintained  to  minimize  leakage.     Since  vapor  re- 
covery and  proper  maintenance   is  the  best  control   available,   it   is  considered 
to  be  BACT. 


• 


~ 


IV-26 


v. 

AIR   QUALITY  ANALYSIS 
TABLE  OF  CONTENTS 

Page  No 

Air  Quality  Analysis    V-l 

1.0    Summary  of  Results V-l 

2.0    Applicable  Standards     V-l 

2.1  National  Ambient  Air  Quality  Standards    V-l 

2.2  Allowable  PSD  Increments V-5 

2.3  Colorado  Standards    V-5 

3.0  Site  Climatology V-7 

3.1  Meteorology V-7 

3.2  Air  Quality V-ll 

4.0  Model  Description  and  Utilization  V-ll 

4.1  Screening  Technique  V-ll 

4.2  EPA  Valley  Model V-13 

4.3  Rough  Terrain  Model  AVMSTM  V-13 

4.3.1  Tracer  Study V-13 

4.3.2  Model  Validation  V-15 

4.4  Dry  Deposition V-19 

4.5  Plume  Rise  and  Effective  Stack  Height V-21 

4.6  Emission  Sources  Modeled  .  V-21 

5.0  S02  Modeling V-24 

5.1  Emission  Sources .  V-24 

5.2  Results  ....."....' .  V-28 

5.2.1  PSD  Compliance .  V-28 

5.2.1.1  Class   I V-28 

5.2.1.2  Class  II V-28 

5.2.1.3  Good   Engineering  Practice   (GEP)      .    .    .  V-35 

5.2.2  Compliance  With  NAAQS V-36 

5.2.3  Compliance  With  State  Standards    V-36 

6.0     TSP  Modeling V-36 

6.1  Emission  Sources    V-36 

6.2  Results V-43 

6.2.1     PSD  Compliance V-43 

6.2.1.1  Class   I V-43 

6.2.1.2  Class   II V-52 

V-i 


6.2.2  Compliance  with  NAAQS V-52 

6.2.3  Compliance  with  State  of  Colorado     Standards.    .  V-52 
7.0     Other  Modeling V-55 

7.1  NAAQS  Compliance  for  CO  and   N02 V-55 

7.2  Secondary  Effects V-55 

7.2.1     On   PSD   Increments V-55 

7.2.1.1  Other  Currently  -  Permitted   Primary 
Sources      V-55 

7.2.1.2  Secondary  Sources V-63 

7.3  Regional   Basin   Impacts    V-68 


V-ii 


LIST  OF  FIGURES 
Figure  No.       Title Page 

1  Afternoon  Mixing  Layer  Height  vs.  Time  of  Year 

2  Predicted  versus  Observed  Concentrations  for  AVMSTM 
Model.     Low  values   (<0.05  ug/m^)  are  excluded  from  the 
plot. 

3  Trend  Analysis  of  Predicted  and  Observed  SF5  Concen- 
trations  at  Station   20  as  Obtained   from  AVMSTM  Model. 

4  Schematic  Representation  of  Tilted   Plume  Treatment  of 
Heavy  Particles  at  Velocity  Vj   (i.e.,  Dry  Deposition) 

5  CB  Plot  Plan,  Shale  Storage  Year   2000 

6  Class  I  Annual  SO2  Concentrations 

7  Class  II   24-hour  SO2  Concentrations 

8  Class  II   3-hour  SO2  Concentrations 

9  SO2  Concentrations   in  the  Direction  of  Flattops 
10  Class  II  Annual  SO2  Concentrations 

11a  Spent  Shale  Pile-Year   10 

lib  Spent  Shale  Pile-Year   15 

lie  Spent  Shale  Pile-Year  25 

12a  Computer  Representations  of  Spent  Shale  Pile,  Topsoil 

Removal   and  Application  Locations,   Conveyor   15  and  Truck 

Haulage  Routes-Year   10 
12b  Computer  Representations  of  Spent  Shale  Pile,   Topsoil 

Removal    and  Application  Locations,  Conveyor  15  and  Truck 

Haulage  Routes-Year   15 
12c  Computer  Representations  of  Spent  Shale  Pile,  Topsoil 

Removal   and  Application  Locations,   Conveyor   15  and  Truck 

Haulage  Routes-Year  25 
13a  Raw  Shale  Pile-Year   10 

13b  Raw  Shale  Pile-Year   15 

13c  Raw  Shale  Pile-Year  25 


V-iii 


LIST  OF  FIGURES 
Figure  No.       Title Page 

14a  Computer  Representation  of  Raw  Shale  Pile,  Topsoil 

Removal    and  Application  Locations,   Conveyor   14  and  Truck 

Haulage  Routes-Year   10 
14b  Computer  Representation  of  Raw  Shale  Pile,  Topsoil   Removal 

and  Application  Locations,   Conveyor   14  and  Truck  Haulage 

Routes-Year   15 
14c  Computer  Representation  of  Raw  Shale  Pile,  Topsoil   Removal 

and  Application  Locations,   Conveyor   14  and  Truck  Haulage 

Routes -Year   25 

15  Size  Distributions  for  Raw  &  Spent  Shale,  Topsoil, 
Mine  Emissions  and  Lurgi  Stack  Emissions 

16  Class   I   24-hour  TSP  Concentrations 

17  Class   II  24-hour  Particulates  Concentrations 

18  Class  II  Annual    Particulates  Concentrations 

19  Annual   NO?  Concentrations 

20  Annual  SO?  Concentrations,  Secondary  Effects 

21  Annual    Particulates,  Secondary  Effects 

22  Impact  Radii   for  Various  Pollutants 

23  Secondary  Emission  Sources 

24  Regional  Study  SO?  Emission  Source  Locations 

25  Regional  Study  Annual   SO?  Concentrations 


V-iv 


LIST  OF  TABLES 
Table  No.    Title Page 

1  Demonstrated  Compliance  with  PSD  (ug/m^) 

2  Demonstrated  Compliance  with  NAAQS  (ug/m^) 

3  National  Primary  Ambient  Air  Quality  Standards 

4  Air  Quality  PSD  Increments  for  SO2  and  Particulates 

5  Summary  of  Meteorological  "Worst  Case"  Candidates 

6  Annual  Mean  Concentrations  for  NAAQS  Criteria  Pollutants 

7  EPA  Valley  Model  Receptor  Distance  from  Origin  (KM)  as 
a  Function  of  Grid  Size 

8  Plume  Rise  Formulas 

9  Summary  of  the  As-Modeled  Emissions  Tables 

10  Total  Controlled  Emissions  From  Primary  Sources 

11  Emission  Inputs  and  Stack  Characteristics  for  Regional 
Case 

12  Effects  of  Permitted  Primary  Sources  on  Class  I  Area 

13  Secondary  NOX  &  CO  Emissions 

14  Effects  of  Secondary  Sources  (a)  on  PSD  Increments  and 
(b)  on  MAX  CO  and  NOX  Concentrations 

15  Emission  Inputs  and  Stack  Characteristics  for  Regional 
Case 


V-v 


V.       Air   Quality  Analysis 

1.0    Summary  of  Results 

The  Valley  Model   was   used   in   an   initial   screening  mode  to  determine 
maximum  off -tract  concentration  for  S02»   TSP,   CO,  and   NO2.     CO  and  NO2 
were  not  found  to  be  critical   conditions,   i.e.,   all   concentrations  were  well 
below  standards  off -tract.     For  all   constituents   unstable  conditions  were  not 
critical;  for  SO2,  TSP,   and   NO2  annual   conditions  were  not  critical. 

Inasmuch   as   high  off -tract  SO2  concentrations  were  obtained   for 
stable  atmospheric  stability  cases   in  the   initial   screening  process,  the 
refined  AVMSTM  rough-terrain  model   was   then  utilized.      It   showed  that  FGD 
stacks  at  34-m  heights  and   Lurgi   stacks  at  30-m  heights  would  meet  all  Federal 
Class   II   PSD  increments  off -tract  and  Class  I   increments  at  the  Flattops 
Wilderness  boundary.     Because  of  sufficient  plume  rise  of  these  buoyant 
stacks,  the  Federal    increment  off -tract  was  not   limiting. 

On-tract  concentrations  of  SO2  were  checked  from  the   standpoint  of 
a  "workplace  environment".     That   is,   the  Federal   3-hour  secondary  standard  of 
1300  ug/m^  was   required  to  be  met  everywhere.      It  was  this   standard   that  was 
limiting  for  SO2. 

For  particulates,  fugitive  dust  from  haul  roads  and   shale  piles 
resulted   in  high  concentrations   in  the   initial   screening  mode  using  the  Valley 
Model.     In  a  second   iteration  a  refined  model   was   used  which   included  effects 
of  dry-deposition. 

Effects  from  secondary  sources  were  found  to  be  negligible;  those 
from  present  permited  sources  were  small. 

Table   1  demonstrates  compliance  with   all    PSD  increments  and  Table   2 
demonstrates  compliance  with  NAAQS . 
2.0     Applicable  Standards 

2.1     National  Ambient  Air   Quality  Standards 

National   Ambient  Air   Quality  Standards  (NAAQS)  are  shown  on 
Table  3  generally  representing  values  not  to  be  exceeded  more  than  once   per 
year  with  the  exception  of  ozone.     Ozone   is  stated   as  the  number  of  annual 
expected  exceedances  of  one-hour-maximum  values  which  must  be   less  than   1.0, 
averaged  over  a  consecutive  3-year   interval.     Annual    particulate  values 
represent  the  geometric  mean  of  24-hour  values. 

"Ambient"   air   according  to  40  CFR  50.1  (e)   is  defined   as  "that 
portion  of  the  atmosphere,  external   to  buildings,  to  which  the  general    public 


V-l 


h- 

C3  — 

CO  21 

CNI 

LP\ 

LT\ 

i_n 

CD 

CD 

rH 

CM 

co 

r\ 

Q_  ~ 

CM 

i-H 

CM 

CO 

rH 

rH 

ho 

_J 

i_n 

_i 

< 

h- 

CM 

lh 

r-H 

1— H 

^ 

r^s. 

ro 

K> 

LO 

•=r 

h- 

O 

- 

- 

- 

- 

- 

- 

r^. 

CD 

- 

- 

Z 

1— 

CD 

CD 

i-H 

CD 

CD 

LO 

hO 

ho 

r>o 

LU 

V 

V 

V 

V 

rH 

rH 

N^ 

21 
LU 

CO 

CC 

LU 

O 

O 

z 

on  3 
_0 

CD 

Qco 

z 

LU 

*-* 

£> 

CD 

r^ 

CO 

CM 

ro 

_l 

Ho: 

1— 1 

■=r 

CD 

CD 

rH 

i-H 

CD 

O 

i_n 

■=r 

LU 

~< 

Q 

'^Q 

CD 

0 

rH 

CD 

CD 

CD 

CD 

O 

hO 

•=r 

O 

P^z 

V 

V 

V 

V 

SI 

LU0 
Q-CD 

2: 

LU 

3 

CO 

2: 

^■4 

X 

< 

2C 

- 

CO 

!—) 

r— 1 

hO 

LO 

CO 

ro 

hO 

CD 

cr> 

PC 

CD 

CD 

CD 

CD 

i— 1 

LTi 

r>. 

CD 

rH 

CM 

c_> 

CD 

CD 
V 

CD 
V 

CD 

CD 

1— | 

cd 

z 

•— 1  LU 

q: 

q: 

a: 

cc 

QC 

cc 

CD  21 

_l 

3 

3 

_l 

3 

—I 

3 

3 

_l 

3 

<  — 

< 

0 

O 

< 

0 

< 

0 

O 

< 

O 

CC\— 

3 

~T~ 

m 

O 

zn. 

3 

nz 

nr 

3 

~T~ 

LU 

z 

1 

1 

Z 

1 

Z 

1 

1 

Z 

1 

> 

z 

•=r 

ro 

z 

-=r 

Z 

•=r 

r^A 

Z 

cr 

<C 

<C 

CNI 

<C 

CNJ 

<=C 

CM 

<C 

CM 

r- 

Z 

< 

r- 

CM 

Q_ 

CNI 

Q_ 

3 

CD 

CO 

CD 

CO 

_J 

CO 

1— 

CO 

1— 

_J 

O 

ci- 

co 

Q  CO 

CO  < 

O 1 

c_> 

►—1 

»—i 

OO    I^O    CO    CM      LT>    N^> 

CM    CT    CM    LO       LO    LO 

I         I         I         I  It 


CD 
CD- 


CM    CM 


CM 


CM    CM    CM    CM 

LO    CD   LA    CD 


CD 

LU 
CO 


CM    CM 


CO 

CO 

LU 

LU 

CD 

CD 

-- 

cc 

DC 

r- 

3 

3 

X 

O 

O 

LU 

CO 

CO 

h- 

a 

> 

Z 

LU 

q: 

—4 

r- 

< 

CMQ_ 

CMC 

r- 

a 

z 

CD 

CO 

CD 

CO 

t— > 

z 

CD 

CD 

1 — 

CO 

1— 

2: 

0 

►— 1 

ce 

CD 

co 

I 

1 

1 

1 

LU 

LU 

CO 

D_ 

CO 

3 

- 

a 

O 

CQ 

CQ 

CO 

- 

a 

1      1 

1     1 

t-^ 

C_D 

C_> 

1— 1 

t— 1 

Q 

, , 

"\ 

> 

LU 

1 — 1 

1— 1 

1— — 1 

1— — 1 

CD 

Z 

CO 

< 

CO 

— — ] 

< 

_1 

_J 

Q- 

C_) 

21 

O 

C_> 

V-2 


CJD 


CO 
CD 


I 


CNI 

LU 
_l 
PQ 
< 


O 
CD 


\— 

CO 

O 

UJ 


CO 

CD 

i_n 

LO 

CD 

CD 

CD 

CD 

CD 

OO 

UD 

r>* 

UD 

CD 

CD 

CD 

<c 

hO 

CSJ 

CD 

CD 

i-H 

<c 

-\ 

> 

CD 

CD 

-=3" 

4 

r^ 

cr 

t\ 

r-^ 

LO 

cr 

UD 

2: 

i— 1 

r^. 

CNI 

•=r 

hO 

i-H 

hv. 

3 

K>> 

I-.* 

CO 

1— 1 

i-H 

UJ 

z. 

w 

H 

1— 1 

hO 

ro 

UD 

UD 

CNI 

_J 

r— 1 

1—1 

i_n 

LA 

LU 

00 

OO 

CO 

< 

CQ 

h- 

i—l     cd 

Z 

^    z 

LU 

*-^ 

SI 

CD 

hO 

■=r 

■=r 

en 

CO 

•=r 

X  -I 

LU 

i— 1 

r\ 

1— 1 

N^ 

r^» 

i_n 

r-^ 

<  LU 

a: 

cr 

00 

SI  Q 

0 

O 

z. 

CD 

Z. 

H^ 

LU 

cc 

OH 

ac 

ac 

CD 

S 

_1 

3 

_1 

3 

3 

3 

_i 

< 

< 

0 

< 

O 

0 

0 

< 

a: 

h^ 

3 

zn 

3 

ZH 

zn. 

zn 

3 

LU 

z 

1 

Z 

1 

1 

1 

z 

> 

z. 

-=r 

Z 

■=r 

00 

1— I 

z. 

<c 

Z. 
< 

1- 

=3 
_l 
_l 

CNI 

CSJ 

Q_ 

CNJ 

CNI 

O 

CD 

CO 

CD 

CD 

Q_ 

CO 

1— 

CD 

i-H 

UD 

CNI 

LT\ 

1— 1 

r^ 

I 

LT> 

CNI 

> 

> 

1 

> 

> 

> 

CO 

CD 

LU 

D_ 

O 

CNI 

CNJ 

ac 

> 

- 

- 

«— 1 

3 

CNI 

CNI 

CNI 

r-H 

O 

- 

- 

- 

- 

UJ 

CO 

rn 

LO 

UD 

r^ 

_1 

CQ 

LU 

>- 

z. 

< 

Z 

cc 

0 

\— 

1— 1 

< 

-- 

»— 1 

_] 

Q 

1- 

H 

LU 

2: 

X 

CD 

CO 

0 

LU 

LU 

CO 

< 

CJ 

1— 

CO 

h- 

PQ 

LU 
CO 

z. 

2: 

UJ 

CO 

*— 1 

z: 

3 

a 

UJ 

_l 

z: 

2: 

en 

Q_ 

< 

0 

CO 

0 

2: 

\- 

Q 

CO 

LU 

1— 1 

Z. 

LU 

CO 

3 

LU 

H 

3 

_J 

1— 1 

z: 

h- 

O 

< 

1— 1 

LU 

1— • 

CO 

> 

ce 

2: 

w 

CO 

CD 

QC 

C3 

UJ 

CO 

z 

LU 

Z 

CNI  « 

1— 1 

CO- 

LU 

»— * 

CD 

_l 

CD 

_J 

rs^ 

CD 

CD 

CO 

Z. 

UJ 

Z 

LU 

< 

CO 

CNICU 

•S 

a 

t— t 

Q 

1— t 

< 

CD 

CO 

CD 

CO 

_J 

3 

_1 

PQ 

CO 

h- 

CD 

o_ 

LU 

_l 

Q. 

Q 

O 

z: 

O 

s: 

Z 

0 

CD 

II     II 


3    i-H 
CO    ^ 


V-3 


oo 

Q 

C£ 

<C 

Q 

!^^ 

<c 

H- 

OO 

N^ 

>- 

1— 

LU 

1         | 

_l 

1 

CQ 

<c 

< 

ZZ> 

h- 

CD 

Cl£ 

i— i 

<=C 

PZ) 


en 


O 


^~s 

r«n 

z: 

N^ 

CD 

^*> 

x-s 

/■% 

3 

«— 1 

CNI 

K>» 

Sw' 

\^^ 

%»■• 

k»*/ 

CD 

LO 

i_n 

CZ) 

CD 

CD 

CD 

LT\ 

a 

OO 

LO 

r-^ 

C£> 

CD 

CD 

CD 

t*~\ 

a: 

r>o 

CNI 

CD 

CD 

i— 1 

CNJ 

< 

^ 

•\ 

Q 

CD 

CD 

z 

i—i 

■=r 

< 

H- 

OO 

S 

s: 

z: 

s: 

2: 

3 

LU 

3 

3 

3 

3 

SI 

s: 

s: 

s: 

s: 

2: 

•— • 

t— « 

•-^ 

^-< 

i— t 

»— H 

X 

h- 

X 

X 

X 

X 

< 

< 

< 

< 

< 

^~ 

CD 

s: 

sz 

^~ 

s: 

z 

or 

^^ 

or 

C£ 

a: 

a: 

_l 

3 

CD 

_l 

3 

_j 

3 

3 

3 

< 

0 

< 

< 

O 

< 

O 

O 

O 

3 

~T~ 

a: 

3 

zlz 

3 

zlz 

zn 

zlz 

Z 

| 

LU 

z 

i 

Z 

i 

i 

1 

Z 

t— 1 

> 

z 

-=r 

z 

-=r 

OO 

I— 1 

<C 

«3C 

<c 

CNJ 

<c 

CNJ 

h- 

z 

< 

1- 

CSI 

Q_ 

CNI 

3 

CD 

OO 

CD 

hO 

_J 

OO 

h- 

^ 

CD 

_l 

o 

Q_ 

< 

X 
h- 

CO 
CO 

LU 


LU 


CO 


CO 

LU 

CJ 

z 

CO 

< 

- 

LU 

CO 

Q 

_J 

3 

LU 

LU 

< 

_J 

3 

LU 

> 

< 

_l 

O 

or 

> 

< 

X 

LU 

> 

LU 

h- 

or 

z 

3 

OT 

LL. 

1— 1 

O 

3 

O 

zlz 

O 

LU 

1 

ZLZ 

or 

> 

-=r 

1 

LU 

*-^ 

CsJ 

-=r 

CQ 

\- 

CNJ 

51 

3 

LU 

3 

CJ 

O 

Li_ 

ZZ\ 

LU 

0 

CO 

z 

Q 

z 

< 

Z 

LU 

0 

LU 

< 

1- 

c_> 

^~ 

LU 

O 

^~ 

LU 

or 

O 

Q- 

< 

— 

CD 

X 

LU 

1- 

t— 1 

LU 

2^ 

LU 

OT 

1 

21 

t- 

_l 

N^ 

X 

LU 

< 

1- 

21 

3 

or 

■— ■ 

O 

Z 

LU 

OT 

LU 

Z 

> 

<C 

CD 

<C 

CD 

CNJ 


K> 


V-4 


has   access."     For  the  present   application  NAAQS  and   PSD  standards   are  applied 
at  the  tract  boundary  (i.e.,  off-tract). 

2.2  Allowable  PSD  Increments 

Allowable  Federal  PSD  increments  are  presented  on  Table  4  for 
SO2  and  particulates.  The  C-b  Tract  is  located  in  a  Class  II  area.  Federal 
increments  for  Class  II  apply  off -tract.  The  nearest  Class  I  area  is  the 
Flattops  Wilderness  area  approximately  57  km  away.  Class  I  increments  must  be 
met  at  the  wilderness  area  boundaries. 

2.3  Colorado  Standards 

Regulations,  other  than  federal,  that  the  facility  emissions 
must  comply  with,  are  those  of  the  Colorado  Air  Quality  Control  Commission. 
These  regulations  control  the  emission  of  sulfur  dioxide,  hydrocarbons  and 
particulates.  The  Colorado  regulations  also  have  set  ambient  standards  for 
carbon  monoxide,  particulates,  sulfur  dioxide,  nitrogen  oxides  and  ozone  at 
the  identical    level   to  the  NAAQS. 

The  State  of  Colorado  regulates   particulate  emissions  from 
point  sources   such   as  Lurgi  by  the  process  weight  rate  curve  for  manufacturing 
processes.     Each  Lurgi  retort  would  be  considered  a  separate  entity  according 
to  the  state  regulations.     Since  each  Lurgi   unit  would  process  up  to  8,800 
tons  per  day  of  shale,  the  regulation  would  require  the  use  of  the  following 
equation  to  compute  the  allowable  emission  rate: 

E  =  17.31   P0-16 

where  E  =  allowable  emission   in  pounds/hour  and   P  =  process 
weight  rate. 
The  allowable  emission  would  be: 


r       17-31  f  8800  tons/day\ 
L  '    l/*J1  \24  hours/day  ) 


0.16 


E  =  44.50  pounds/hour  allowable  emission/retort. 

Each  retort    is   allowed  44.5  pounds/hour  of  particulate 
emission;  however,  each  retort  will   only  emit  38.9  pounds/hour  of  particulate 
Other  sources  of  particulate  such   as  the  crusher  screening  building  comply 
easily  with  the  process  weight  rate  standard  due  to  the  employment  of  BACT 
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control.  Fugitive  dust  emissions  are  to  be  controlled  as  outlined  in 
regulation  1,  Section  II,  Subsection  D,  through  the  application  of  BACT. 

On  February  5,  1981  the  Air  Quality  Control  Commission  adopted 
a  resolution  amending  its  regulations  one  and  six,  dealing  with  SO2  from  oil 
shale  facilities.  The  amendment  will  be  final  upon  review  by  the  Attorney 
General  and  approval  by  the  legislature  and  is  applicable  to  oil  shale 
production  facilities  employing  MIS  and  surface  retorting  technologies  in 
combination  such  that  at  least  20%  of  the  ore  is  processed  by  the  surface 
retort.  The  amendment  exempts  such  facilities  from  compliance  with  the 
nonfederal  NSPS  of  0.3  pounds  of  SO2  per  barrel  of  oil  produced.  The 
exemption  will  terminate  in  1992  at  which  time  compliance  with  the  NSPS  would 
be  required  or  an  extent  ion  must  be  granted  by  the  Commission.  BACT  control 
is  proposed  for  SO2,  hence  compliance  with  the  state  regulation  is 
demonstrated. 

The  Commission's  regulation  requires  the  installation  of 
floating  roofs  or  equivalent  on  hydrocarbon  storage  tanks  of  40,000  gallons  or 
more.  Storage  tanks  will  be  constructed  using  vapor  recovery  which  is  better 
than  floating  roofs,  hence  we  will  comply  with  the  regulation. 

3.0  Site  Climatology 

Site  climatology  of  the  C.B.   Tract  and   its  vicinity  has  been 
extensively  documented.     A  two-year  environmental   baseline  period   (November, 
1974-October,   1976)  was  required  under  the  Federal    Lease  of  the  U.S.   Prototype 
Oil  Shale  Leasing  Program.     Environmental   results  of  this  baseline  period  have 
been  summarized   in  References   1  and   2.     The  Environmental   Development 
Monitoring  Program  which  has  been  followed  since  baseline  (Reference  3)  has 
been  approved  by  the  U.S.  Department  of  the  Interior   (DOI)  with  concurrence  of 
both  the  EPA,   Region  VIII  and  the  State  of  Colorado.     Seventeen  data  reports 
have  been  regularly  issued   (Reference   4)  to  the  DOI,   EPA  Region  VIII  and  the 
State  summarizing  air  quality  results  every  month  since  baseline.     The  EPA 
audited  air  quality  Station  023  quarterly  for  approximately  three  years   under 
its  Western  Energy  Audit  Program. 

3.1  Meteorology 

Prevailing  winds  on-tract  are  from  the  south-southwest   (SSW).     The 
meteorological    network  has  been  adequately  described   in   all   the  references 
cited  above. 

Two  sources  of  meteorological   data  were  utilized  for  modeling:      1) 
the  60-meter  meteorological    tower  was  used  for    low-level   emission  sources  with 
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data  covering  the  two-year  baseline  span   and,   2)   upper-air  studies   from  base- 
line utilizing  aircraft  and   pibal   data  and  that  from  November,   1977  thru 
November,   1978  utilizing  pibal   data  were  used  for  high-level   releases    in 
unstable  conditions.      It   is  to  be  noted  that  the  upper  air  studies  of  the 
baseline  period  have  shown  that  only  neutral    and   stable  conditions  existed 
above  300-m.     Tables   summarizing  these  data  are  presented   in  Appendix  11.0  and 
include: 

Table  11.9a       -  Wind   Persistence  at  Specified  Stability 
thru  (Tower  Data) 

11. 9f 
11.10       -  Wind  Speed  Adjustments  to   Pasquill- 

Gifford  Stability  Classes  Obtained  from 

Meteorological         T  Data 
11.11a.   -  Bivariate  Wind  Frequency  Distributions 
thru  by  Stability  Class   (Tower  Data) 

ll.llg 
11.12       -  Upper  Air  Stability  Classes   (Pibal    Data), 

November  77   -  November  78. 

Air  quality  regulations   are  written  such   that   a  standard  cannot 
be  exceeded  more  than  once  a  year.     That  combination  of  meteorological  con- 
ditions resulting   in  maximum  ground-level    ambient  concentrations    is  called  the 
"worst  case",   i.e.,  that  case  which   is  most   likely  to  exceed  the  standard.     It 
is  the  second-highest-of-the-highest  concentration  that  would  result   in  ex- 
ceedances  of  more  than  once  per  year  and  thus  the  concentration  that  governs. 

Varying  wind  speed  and  direction  and   atmospheric  stability  con- 
ditions   interplay  in  a  complex  way  so  that  their  combined  condition   as  a 
"worst  case"  for  ground-level   pollutant  concentrations  most  often  cannot  be 
prejudged.     Thus,  one  must  resort  to  trial -and-error  solutions  of  "worst-case" 
meteorological   candidates. 

As  a  result  of  these   investigations  that   summary  of  worst-case 
meteorology  candidates  which  evolved   is  presented  on  Table  5.     From  the  above 
referenced  upper-air  studies   afternoon  mixing-layer  height  vs.  time  of  year 
has  been  obtained  and   is  presented   in  Figure   1.     Annual   modeling  studies 
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TABLE  5 
Summary  of  Meteorological  "Worst  Case"  Candidates 


Case 

Stability 
Case 

Persistence 
(Hrs) 

Wind 
Direction 

Wind 
Speed 
(mps) 

Case 

Date 

Air 
Temp 
(°K) 

Bar. 

Pr. 

(mb) 

1 

A 

6 

WNW 

11.3 

11/16/77 

288 

782 

2 

A 

6 

All 

7.8 

5/16/78 

284 

779 

3 

A 

4 

NNE 

0.9 

12/24/75 

271 

790 

4 

A 

4 

W 

2.0 

2/05/76 

261 

781 

5 

A 

6 

WNW 

1.2 

10/27/75 

272 

788 

6 

B 

6 

All 

6.8 

3/23/78 

276 

783 

7 

B 

6 

SSW 

3.9 

2/11/76 

276 

795 

8 

B 

7 

SW 

4.2 

10/18/75 

290 

793 

9 

D 

25 

SSW 

10.8 

2/07/75  ' 

272 

783 

10 

D 

25 

SSW 

12.2 

10/26/75 

279 

782 

11 

D 

5 

WNW 

1.2 

2/14/75 

265 

779 

12 

D 

11 

S 

4.9 

2/11/75 

290 

785 

13 

D 

10 

SW 

7.8 

4/13/75 

285 

784 

14 

D 

4 

NNE 

1.1 

9/20/75 

272 

780 

15 

D 

5 

WNW 

1.2 

2/14/75 

265 

779 

16 

E 

10 

W 

2.1 

9/19/76 

281 

794 

17 

E 

6 

SSW 

1.0 

2/16/75 

265 

778 

18 

F 

6 

SSW 

0.9 

6/05/75 

288 

789 

19 

F 

6 

SSW 

2.2 

5/28/76 

287 

787 
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utilized  the  bivariate  frequency  distributions  of  Table   11.11,  referenced 
above. 

To  summarize  the  cases  examined,  these  are  (from  Table  5): 
For  SO2  -  Cases   1,   2,   6,   9,   13,    15-19,   Annual 
For  TSP  -  Cases   3-5,   7,   8,   12-15,   17,   18,  Annual 
For  CO     -  Cases   15,   17,   18 
For  N0X  -  Annual 
3.2     Air  Quality 

From  the  references  cited  above  annual  mean  concentrations  have 
been  obtained  for  the  criteria  pollutants  each  year  from  1975  thru  1980. 
These  averages   are  presented  on  Table  6.     On  the  basis  of  this  extensive  data 
set,  baseline  values   utilized  for  demonstration  with  NAAQS  are  as  follows: 

SO2  -  1  ug/m^ 

TSP  -   13 

N02  -  2 

CO     -   856 
4.0     Model   Description  and  Utilization 
4.1     Screening  Technique 

The  EPA  Valley  Model    is  widely  used   in  rough-terrain   air  dif- 
fusion modeling  studies.     It   is  both   inexpensive  and  convenient  to  use  for 
both  short-term  and  annual   non-reactive-pollutant  studies.     Plotted  outputs  of 
ground-level   concentrations  are  obtained  for  each  of  the  multiple  emission 
sources   as  well   as  their  sum.     Its  shortcomings  stem  from  the  facts  that   it 
yields  overly  conservative  unreal istically-high  results  for  stable  atmospheric 
cases  and  for  those  cases  where  emission"  "sources  are  characterized  by  a  wide 
variation   in  mass  distribution.     For  this   latter  case  a  dry-deposition   (i.e., 
"settling")  term  would  be  a  realistic   improvement   (and   is  readily 
incorporated) . 

Therefore  the  modeling  approach  taken  was  to  use  the  EPA  Valley 
Model    in  an   initial   screening  mode  to  both   identify  those  meteorological   con- 
ditions which  resulted   in  high  ground-level   concentrations  of  the  pollutant 
plume  and  to  dismiss  from  further  study  those  conditions  for  which  concen- 
trations were   low.     Actual  meteorology  including  wind   persistence  was   used. 
Then  those  few  conditions  resulting   in  high  concentrations  were  subjected  to 
further   analysis   using  more  refined  models.     For  SO2  a  site-specific  rough 
terrain  model   developed  by  AeroVironment  and  called  AVMSTM  was   utilized.     For 
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TSP  a  dry-deposition  term  (using  Stokes  settling   law)  was    included   in  the 
Gaussian  diffusion  equation  of  the  Valley  Model   to  readily  accommodate  the 
wide  range  of  particle  sizes  characterized  by  the  major  emission  sources.     The 
EPA  has  been   informed  of  this  refinement. 
4.2     EPA  Valley  Model 

The  EPA-developed  Valley  Model   has  been  documented  previously. 
This  so-called  Gaussian  plume  formulation  calculates   24-hour  average 
ground-level   pollutant  concentrations   in  each  wind  sector  for  specified 
meteorological   conditions   and   Pasquill-Gifford  stability  cl ass.     Other 
short-term  concentrations  such   as  the   3-hour  SO2  and  the   1-  and  8-hour 
concentrations  for  CO  are  obtained  from  the  so-called  power   law.     For  example 
for  a  3-hour  averaging  time: 


X3.hr  .  X24.hr     ft^l  »•« 

where:  *24-hr  =  24-hr  concentration  from  the  Valley  Model 

x3-hr  =  3-hr  concentration  (calculated) 

Annual   concentrations   are  calculated  from  an  annual   bivariate  wind  frequency 
distribution  by  Pasquill-Gifford  atmospheric  stability  class   as  obtained  from 
site  measurements  as  described   in  Section  3.1. 

For  both  short-term  and  annual   averages,  ground   level   concen- 
trations are  calculated  for  the  selected  scale  (called  "grid"   in  the  model)  at 
each   imaginary  receptor  site  in  the  model.     Receptors   are  located   approxi- 
mately in   seven  concentric  rings  along  rays  of  the   16  compass  wind  directions 
with  ring  one  being  the   innermost.     Distances   are  shown  on  Table  7  for  model 
scales  of  50,   100,   200,   400,   and   2,000  grid.     The  tract  boundary  is   shown 
between  appropriate  receptors   as  a  horizontal    line  along  each  ray  (i.e., 
compass  heading). 

4.3     Rough  Terrain  Model  AVMSTM 

4.3.1     Tracer  Study 

In  September,   1978  tracer  studies  were  conducted   at  the 
C-b  Tract   as  part  of  the  model   validation  experiment.     That   is,  the  AVMSTM  is 
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a  site-specific  model   which  therefore  has  to  be  validated  for  the  applicable 
site.     Tracer  gas   (SFg)  released  at  100-m  above  the  surface  was   sampled  at 
23  fixed   locations  to  determine  plume   location   as  a  time  history.      In  addition 
61  grab  samples  were  taken.     Wind  speed,  turbulence  and  direction  measurements 
were  made  on  the  60-m  tower,   and  wind  speed  and  direction  were  measured  at  8 
other   locations;  a  tethersonde  was  used  to  obtain  the  vertical   distribution 
of  wind  and  an  acoustic  radar  was  utilized  to  obtain  atmospheric  stability  and 
inversion  conditions.     This  report   (Reference  7)   is   presented   in   its  entirety 
in  Appendix  6. 

4.3.2     Model   Validation 

Validation  of  the  AeroVironment  rough  terrain   air- 
diffusion  model   called  AVMSTM  was  undertaken   in  November,   1978.     This  model 
treats  the  wind  field,   plume  transport   and  turbulence   in  complex  terrain. 
Results   are  presented   in  Reference  8  in  Appendix  7.     The  correlation  coeffi- 
cient between  observed  and  predicted  SF5  concentrations   at  23  sites  was 
0.91.     The  slope  of  the  linear  regression  between  observed  and  predicted 
values  of  0.87  indicated  that,  on  the  average,  the  model   overpredicts  by  13%. 
Temporal   trend  analyses  of  predicted  vs.  observed  concentrations  at 
peak-concentration  sites  are  shown  in  the  Appendix,   indicating  good   agreement. 

A  presentation  was  made   in  March,   1980  by  AeroVironment 
to  the  EPA  Region-  VIII  on  model   validation  results.     As  a  result  of  this 
meeting,   the  EPA  requested  additional    information   in  four  areas:      1)  a 
regression  analysis  of  model   predictions  vs.  actual  measurements  using  a  data 
set  that  excludes  near-zero  concentrations;   2)  a  standard  error  of  the  esti- 
mate of  the  model   predictions;   3)  a  description  of  the  range  of  concentrations- 
that  the  model   overpredicts  and  the  range  of  concentrations  that  the  model 
under  predicts;  and  4)  a  comparison  of  observed  and  predicted  concentrations   at 
Station  20  (the  Collins  Overlook   location  for  which  the  Valley  Model   predicts 
high  concentrations  under  stable  atmospheric  conditions).     This    informational 
response  has  been  furnished  to  EPA  (Reference  9)  and   is   as  follows: 
(1)     A  regression  plot  of  observed  versus   predicted  concentrations  was 

obtained  using  a  data  set  that  excludes   all   data  pairs  that  have  both 
values  of  less  than  or  equal   to  0.05  ug/m^.     One-hundred-and-ten  pairs 
of  data  were  eliminated  from  the  original   data  set.     The  regression  plot 
is  shown   in  Figure  2.     The  correlation  coefficient    is   0.90.     The 
intercept   is   0.00  ug/m^  and  the  slope  is   0.87. 
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Figure  2  -  Predicted  versus  observed  concentrations 

for  AVMSTM  Model.  Low  values  (<0.05  yg/mJ) 
are  excluded  from  the  plot. 
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The  analysis  results   are  almost   identical   to  those  obtained  for  the 
entire  data  set.     The  correlation  coefficient,  the  intercept  and  the 
slope  for  the  plot  presented  on  pages   3-7  of  Appendix  7  are  0.91,  0.01 
ug/m^  and  0.87  respectively.     This   indicates  that   inclusion  of  the   low 
readings  does  not  have  any  significant  effect  on  the  statistics. 

The  statistics  do  not  change  significantly  even  when  more  low  values   are 
eliminated.     The  correlation  coefficient,   the   intercept  and  the  slope  for 
the  data  set  with  the  elimination  of  all   data  pairs  with  values  of  less 
than  or  equal   to  0.05  ug/m^  are  0.88,    -0.11  ug/m^  and  0.89. 

(2)  The  standard  error  of  the  estimate,  based  on  the  validation  results   using 
all   data  points,   is  +  0.64  ug/m^.     in  other  words,  the  overall   accuracy 
of  the  model    is  _+  0.64  ug/m^,  or  +_  7%  of  the  highest  observed  value. 

(3)  Referring  to  Figure  2  the  model   overpredicts  when  observed  concentrations 
are  greater  than  8.50  ug/m^,   underpredicts  when  observed  concentrations 
are   less  than  8.50  ug/m^  and  greater  than  6.00  ug/m^,   and   predicts 

very  well  when  observed  concentrations   are  less  than  6.00  ug/m^  and 
greater  than  3.00  ug/m^.     Below  3.00  ug/m^,  there  is   a  lot  of 
scatter.     Ignoring  the  low  values  and  the  outlier,  the  model   overpredicts 
at  the  high  end  by  about   23%  and  underpredicts  when  observed 
concentrations   are  less  than  8.50  ug/m^  and  greater  than  6.00  ug/m^ 
by  about   15%.     This   implies  that  the  model   has  an   accuracy  of  +2Z%  when 
predicting  high  ground   level   pollutant  concentrations. 

(4)  A  comparison  of  predicted-versus -observed  SF5  concentrations  at  Station 
20  (Collins  Overlook)   is  presented   in  Figure  3.     There  were  only  two 
hours  when  SF5  concentrations  were  detected.     Even  then,  the  values 
were   lower  than  0.50  ug/m^.     The  model    predicted  zero  concentration 
during  one  of  those  hours   and  predicted   the  observed  concentration  for 
the  other  hour.     This    is    in   line  with  model   behavior  pointed  out    in  the 
previous  paragraph;   namely  when  observed  concentrations   are   low,   there  is 
a  lot  of  scatter   in  the  predicted  values. 
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Figure  3  -  Trend  analysis  of  predicted  and  observed  SF5 
concentrations  at  Station  20  as  obtained  from 
AVMSTM  Model . 


V-18 


These  additional  analyses  further  substantiate  the  predic- 
tive capability  of  the  model  when  applied  to  Tract  C-b.  To  summarize,  the 
model  overpredicts  the  highest  observed  concentrations  by  about  23%, 
underpredicts  observed  concentrations  in  the  medium  to  high  range  by  about 
15%,  predicts  almost  exactly  observed  concentrations  in  the  low  to  medium 
range  and  has  a  random  nature  in  its  predictions  when  observed  concentrations 
are  low.  On  the  average  the  model  overpredicts  by  13%. 

4.4  Dry  Deposition 

In  line  with  the  Gaussian  plume  approach  for  simulating 
dispersion  of  gaseous  air  pollutants,  particulate  concentrations  are 
calculated  by  means  of  a  "tilted  plume"  approach,  as  discussed  in  Atmospheric 


Diffusion  (Pasquill,  1974).  The  Gaussian  equation  of  the  Valley  Model, 
modified  to  include  dry  desposition  is: 

y  -     Q         ,  V_  ,     ,  (H  "  V  «>? 
x  - IT exp  (-  -^-y  )  exp  ( K ) 

2  tt  u  ay  az        2oy'  2a  2  l 

X    -  is  the  concentration  at  ground  level 
where: 

Q    -  the  source  strength 

ay»  az-  the  standard  deviations  of  plume  horizontal  and 

vertical  concentration  distributions 

u     -  the  mean  wind  speed 

"    -  the  effective  stack  height 

Vj    -  the  gravitational  settling  speed  of  particles  and, 

x     -  the  downwind  distance. 

Figure  4  is  a  schematic  representation  of  the  tilted  plume 
model.  The  tilting  accounts  for  the  fact  that,  in  a  nonturbulent  atmosphere, 
application  of  the  simplest  ballistic  principle,  with  particle  inertia 
neglected,  would  place  the  ground  impact  of  particles  at  a  distance  of 
H/V(j  downwind,  where   is  the  mean  wind  speed  between  the  ground  and  the 
height  of  release,  or  effective  stack  height,  H,  and  V^  is  the  gravitational 
settling  speed  of  the  particles.  Here,  the  image  source  term  is  omitted  since 
materials  reaching  the  ground  are  assumed  to  stay  there. 
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FIGURE  4  -  Schematic  Representation  of  Tilted  Plume  Treatment  of 
Heavy  Particles  at  Velocity  Vd  (i.e.,  Dry  Deposition). 
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V(j  is  calculated  from  the  well-known 
Stoke's  equation: 

v  -  2  r2qp 

Vd  "    9y 

where:  V^   =  settling  speed  (cm- sec  ~1) 

r    =  radius  of  the  spherical  particle  (cm) 
g    =  gravitational  acceleration  (cm  sec "2) 

=  density  of  the  spherical  particle  (gm  cm"3) 
=  atmospheric  dynamic  viscosity  (gm  cm'l  sec'l) 
An  atmospheric  dynamic  viscosity  of  0.0180  gm  cm~l 
sec~l  (Schlichting,  1968)  and  an  average  particle  density  of  2.3  gm 
cm-3  (U.S.  EPA,  1976)  are  assumed. 

4.5  Plume  Rise  and  Effective  Stack  Height 

The  plume  rise  formulation  utilized  for  buoyant  plumes  is  that 
due  to  Briggs  as  contained  in  the  Valley  Model.  See  Table  8,  items  IA  and  IB, 
for  Pasquill-Gifford  stable  and  unstable  or  neutral  cases  respectively. 
Additionally  plum  rises  for  jets  (non-buoyant)  were  calculated  and  input  to 
the  model  using  Briggs'  formulations,  shown  as  items  1 1 A  and  1 1 B  for  unstable 
or  neutral  and  stable  cases  respectively.  The  major  jet  sources  for  which 
plume  rise  was  calculated  are:  the  two  mine  vents,  the  secondary  and  tertiary 
crusher,  conveyor  transfer  tower,  and  the  spent  shale  handling  and  disposal 
wet  scrubber,  designated  later  in  the  report  as  emisson  sources  43  and  44,  19, 
23  and  29  respectively. 

Effective  stack  height  for  a  specified  atmospheric  stability 
class  is  a  term  utilized  in  diffusion  modeling  and  is  defined  as  the  sum  of 
the  actual  stack  height  plus  the  final  plume  rise.  For  annual -average  con- 
ditions which  utilize  bivariate-frequency  wind  distributions  by  stability 
class,  one  effective  stack  height  is  not  appropriate  inasmuch  as  it  varies 
with  stability  and  wind  speed. 

4.6  Emission  Sources  Modeled 

The  following  pollutants  have  been  modeled:  sulfur  dioxide 
(SO2),  total  suspended  particulates  (TSP),  carbon  monoxide  (CO)  and  nitrogen 
dioxide  (NO2);  all  of  these  are  modeled  to  demonstrate  compliance  with 
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TABLE  8 


PLUME  RISE  FORMULAS 


I.   Buoyant  Plumes  (as  contained  in  Valley  Model) 


Vr  =  7T  r    VQ 
F     e    e 


(1) 
(2) 


A.     Stable  Cases 
E,   F  Stability: 
89 


9z 


=  0.020,   0.035     KA 


E,    F 


s   =  g     89/ 8   z 

T 
a 


X        =    7T     U        S 


for  x  <  x^: 


Ah     =  1.6  F/3   x    /a   u  -1 


for  x  _>  xf : 


A  h-  =  lowest  of 


F    V/3 


us 


5.0  \=\~'/a 
(calm) 


B.      Unstable  or  Neutral 


for   F  <   55 


x*  =  14F5/8 


for  F  _>   55: 

x*  =  34F/5 


7s 


X-  =  3.5  x* 


for  x   <  x 


1/  2/     _ 

Ah     =  1  .6F/3  x  /3   u 


-1 


(3) 

(4) 
(5) 

(6) 

(7a) 
(7b) 


(8) 

(9) 
(10) 

(ID 
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TABLE  8   (Continued) 


for  x  >   xf: 

—     »  _1 

Ahf  =  1.6F1/3    xf2/3  u  (12) 


where:   F  =  buoyancy  flux  (m  /s  ) 

g  =  gravitational  acceleration 

=  9.806  m/s2 

Vp  =  stack  gas  volumetric  flow  rate  (m  /s) 

T  =  stack  gas  exit  temperature  (°K) 

T  =  ambient  air  temperature  (  K) 
a 

r  =  stack  radius  (m) 

V  =  stack  gas  exit  speed  (m/s) 

38 

r—  =  potential  temperature 

dZ   gradient  (°K/m) 

x  =  downward  distance  from  the  stack  (m) 

x.  =  downward  distance  to  final  plume  rise  (m) 

u  =  mean  wind  speed  (m/s) 

Ahx=  plume  rise  to  any  x  (m) 

Ah-r=  final  plume  rise  (m) 

II.   Jets  (as  calculated  and  input  to  Valley  Model) 
A.  Unstable  &  Neutral 


Ah 


f=b*Ul  (13) 


(2re)  u 


B.  Stable 

Ah*  =  1.5  /ZnA1/3   s"1/e  (14) 


■f 

u, 

where: 

pe   2    2 

Fm='p-Ve   re  (15) 

a 

e  =  density  of  exit  gases 

a  =  density  of  ambient  air 

V-23 


ambient   standards  and,    in   addition  SO2  and  TSP  are  modeled  to  demonstrate 
compliance  with  PSD  increments. 

Sources  may  be  characterized  as   point,   line,  or  area  sources. 
A  stack   is  an  example  of  a  point  source,   an  ore  conveyor  of  a  line  source,   and 
a  raw  shale  pile  of  an  area  source. 

General    arrangement  of  emission  source   locations    is   presented 
on  the  C.B.  Plot  Plan  (Figure  5)   in  this  section  and  on  Drawing  No.    EM- 105  in 
Appendix  4.0  including  the  raw  and  spent   shale  stockpiles.     Emission  sources 
near  the  shale  processing  area  are  shown  on  Drawing  No.   EM-103   in  the   same 
Appendix.     The  Valley  Model   treats  only  a  finite  number  of  point   sources   and 
square-shaped   area  sources  so  that  three  approximations  to  model    source   inputs 
have  been  made: 

1.  Sources   in  close  proximity  to  each  other  have  been  combined 
(e.g.,   8  closely  located   Lurgi   trains,   7  of  which  operate  at 

any  one  time  have  been  grouped  as   follows:     Group  1  (trains   1  &  5) 
Group   2  (trains   2,   6,   7)  and  Group   3  (4  &  8); 

2.  Line  sources  such  as  conveyor  belts  have  been  treated  equivalently 
as  point  sources  of  equavalent  source  strength  evenly  spaced  along 
the  conveyor  belt; 

3.  The  exposed  or  working  faces  of  shale  and  topsoil   piles  have  been 
approximated  by  a  series  of  adjoining   square  blocks  whose  total 
area  approximates  the  area  of  the  working  face. 

Secondary  emission  sources  from  the  towns  of  Meeker  and  Rifle 
and   associated  traffic  from  these  towns  have  also  been  modeled  and   are  dis- 
cussed  in  Section   7.0. 

Emission  source  strengths  and   locations   and  control   efficien- 
cies for  primary  sources   are  identified  on  Drawing  Nos.   EM- 104  and  Oxy  2  of 
Appendix  4.0.     Table  9  summarizes  the   as-modeled  emissions  tables   (i.e.,   their 
identification  and   location    in  the  Appendix) .     Table   10  summarizes  total 
controlled  emissions  from  primary  sources  on  the  C-b  Tract. 
5.0     S0?  Modeling 

5.1     Emission  Sources 

SO2  emission  sources   include  the  following: 
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TABLE  9 
SUMMARY  OF  THE  AS-MODELED  EMISSIONS  TABLES 


Primary/ 

Table  Number 

r— — ^— ^ — — — — — ^—^— 

No.  of  Pages 

Item 

Secondary 

In  Appendix  11. 

In  The  Table 

Emission  Sources 

Both 

11.1 

2 

As-Modeled 

Emission  Source 

Strengths 

SO2 

Primary 

11.2 

1 

TSP 

Primary 

11.3 

25 

CO 

Primary 

11. 4 

1 

N0X 

Primary 

ll.il 

1 

TSP  Mass  Dist. 

Primary 

11.5 

1 

SO? 

Secondary 

) 

1 

TSP 

Secondary 

11.6 

J  7 

CO 

Secondary 

( 

( 

NOx 

Secondary 

' 

' 

Emission  Sources 

Locations 

All 

Primary  • 

11.7 

7 

All 

Secondary 

11.8 

3 

1^—  1 
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TABLE  10 


Total  Controlled  Emissions  from  Primary  Sources 


Constituent 

gm/sec 

lb/hr 

TPD 

lbs/bbl(1) 

Ibs/bbl (5) 

S02-24hr  &  Ann 

236 

1870 

22.5 

0.38 

0.29 

NOx-Annual 

956 

7578 

91.0 

1.55 

1.17 

C0-1    hr(3) 

362 

2873 

34.5 

0.60 

0.45 

C0-8  hr(4) 

330 

2616 

31.4 

0.54 

0.41 

TSP-24  hr^ 

103 

814 

9.8 

0.17 

0.13 

(2) 
TSP  Annua r    ' 

88 

703 

8.4 

0.14 

0.11 

(V) 
(2) 
(3) 
(4) 
(5) 


Based  on  117,000  bbls/day 

Based  on  year  25  shale  pile  development  as  worst  case. 

Based  on  worst  1-hour 

Based  on  worst  8-hour 

Based  on  155,000  bbls/day  which  includes  38,000  bbl    gas-equivalent 
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Emission  Source 

Number  Source  Description 

43~45  Mine  Exhaust  Shafts  #1  &  #2 

52-56  FGD  Stacks  #1  to  #5 

58  11  Temporary  Power  Generators 

60  Cement   Batch  Plant  Boiler 

61  Lurgi  Stacks  #1  &  #5 

62  Lurgi  Stacks   #2,   #6,   #7 

63  Lurgi  Stacks   #4,   #8 

Source   locations   are  shown  on  drawings  EM-102  and  EM- 103  of  Appendix  4.0. 
Control    system  characteristics   are  shown  on  drawing  Oxy  2  of  Appendix  4.0. 
Emission  source  coordinates,   as-modeled  emission  magnitudes  and   stack 
characteristics   are  shown  on  drawing  EM- 105  of  Appendix  4.0. 
5.2     Results 

5.2.1     PSD  Compliance 

PSD  increments  pertain  to  both  SO2  and  TSP;   the  magnitude 
of  the   increments  differ  for  Class   I  and  Class  II  areas   as  shown  on  Table  4. 
Primary  and  secondary  effects  are  both  considered.     The  primary  effects  of 
SO2  in  Section  5.2.1.1  (Class   I)  and  Section  5.2.1.2  (Class   II)   are  those 
due  to  emission  sources  originating  on  Tract.     Basinwide  impacts   are 
considered   in  Section   7.0  as   are  other  currently  permitted  primary  and 
secondary  sources. 

5.2.1.1  Class   I 

The  Flattops  Wilderness  area  is   approximately  57  km 
from  the  C-b  Tract  and   is  the  closest  Class  I  area  to  the  Tract.     Compliance 
with  Class  I   PSD  increments   is  demonstrated  on  Table   1,   inasmuch  as   all  Class 
I  maximum  modeling   increments   are   less  than  the  respective  PSD  increments. 
Annual    isopleths  for  SO2  as  obtained  from  the  Valley  Model   are  presented  on 
Figure  6  yielding  0.06  ug/m^  at  the  Flattops  boundary  compared  with  the 
standard  of  5.0.     Twenty-four  hour  and  three-hour  SO2  values   are  estimated 
to  be  approximately  zero  at  Flattops  on  the  basis  of  examination  of  the 
isopleths  of  Figures   7  and  8  respectively.     They  have  been  cross-plotted  on  a 
semi-log  plot  on  Figure  9   in  the  direction  of  Flattops.     Concentrations   drop 
to  0.01  ug/m^  as  distances  from  C-b  of  9  and    12  km  for  three-hour  and 
twenty-four  hour  cases  respectively. 

5.2.1.2  Class   II 

Compliance  with  Class  II  PSD  increments  is 
demonstrated  on  Table  1  inasmuch  as  all  Class  II  maximum  modeling  increments 
are  less  than  the  respective  PSD  increments. 
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Figure    7    -  Class   II  24-Hour  S02  Concentrations 
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Figure    8   -  Class   II     3-Hour  SO2  Concentrations 
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FIGURE  9 
SO?    CONCENTRATIONS  IN  THE 

DIRECTION   OF  THE    FLATTOPS 


24 -HR     SECOND     HIGHEST     (x) 
3-HR     SECOND     HIGHEST      (©) 

NOTE :  FLATTOPS    AT    57  km. 


0.01 


4  6  8  10 

DISTANCE     FROM    CB  TRACT    (km) 


V-32 


The  critical   cases   (worst   and   second  worst)  for 
SO2  corresponded  to   24-hour  averaging  times   under  stable  conditions   (cases 
18  and   17  of  Table  5)   in  the   initial   screening  mode  using  the  Valley  Model; 
they  resulted   in  high  concentrations  for  stack  heights  for  the  principal   buoy- 
ant sources  of  34  and   30  meters  for  FGD's  and   Lurgi's  respectively.     All   other 
SO2  cases  resulted   in   low  concentrations   in  the   initial   screening  mode.     The 
AeroVironment  refined  rough  terrain  model    (AVMSTM)  was  then   utilized  to  study 
short-term  SO2  concentrations  for  stable  conditions.     Resulting  concentra- 
tions off-tract  were: 

Worst  Case  -  6-hr  persistence  of  SSW  winds  for  E  Stability 
@  1.0  m/s  yielded   79  ug/m^; 
Second  Worst  Case  -   6-hr  persistence  of  SSW  winds  for  F  Stability 

@  0.9  m/s  yielded   73  ug/m^. 
Both  cases   are  below  the  24-hour  PSD  standard  of  91  ug/m^.      Isopleths  for 
the  second-worst  case  are  presented  on  Figure  7,   showing  the  peak  concentra- 
tion off -tract  of  73  ug/m^  as  previously  mentioned.     Second-worst  off-tract 
concentrations   (303  ug/m^)  for  the  3-hour  standard  were  not  critical    (Figure 
8)  and  were  below  the  standard  of  512  ug/m^. 

In  the  course  of  this   study  it  was  found  that 
because  of  the  large  plume  rise  of  the  Lurgi  &  FGD  buoyant  stacks,  the  Federal 
standard  off -tract  was  not   limiting.     Then,  on-tract  concentrations  of  SO2 
were  checked  from  the  standpoint  of  a  "workplace  environment".     That   is,  the 
Federal    3-hour  secondary  standard  of  1300  ug/m^  was  required  to  be  met 
everywhere  (i.e.  both  on-and  off -tract).     Ambient  SO2  concentrations  were 
checked  for  D  stability  at  a  24-hour  persistent  wind   at   10.8  m/s  and  an  A 
stability  6-hour  persistent  wind   at   7.8  m/s  with  the  former  found  to  be  more 
severe.     Peak  concentrations  near  the  MIS  process   area  were  found  to  be 
approximately  615  ug/m^.     Concentrations  were  also  examined  atop  the  95  m 
service  shaft  at  a  distance  of  1280  m  from  the  MIS  units  and  found  to  be 
much  lower  than  concentrations   in  the  process  area. 

Isopeths  for  the  annual  case  were  run   in  the 
initial   screening  process  and   are  shown  on  Figure   10.     Peak  off-tract 
concentrations  were   15.6  ug/m^  compared  to  the  standard  of  20  ug/m^. 
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5.2.1.3     Good  Engineering   Practice  (GEP) 

EPA's  PSD  regulations  have  established  that  stack 
heights  be   limited  to  what   is  termed   "good   engineering  practice"    (GEP).     This 
is  defined   as:     "'Good  engineering  practice  stack  height'  means  that  stack 
height  necessary  to  ensure  that  emissions  from  the  stack  do  not  result   in 
excessive  concentrations  of  any  air  pollutant   in  the  immediate  vicinity  of  the 
source  as   a  result  of  atmospheric  downwash,  wakes,  or  eddy  effects  which  may 
be  created  by  the  source  itself,  nearby  structures,  or  nearby  terrain 
obstacles   and  shall   not  exceed  as   appropriate: 

1)  30  meters,   for  stacks  uninfluenced  by  structures  or  terrain: 

2)  GEP  =  H  +  1.5  L 

where 

GEP  =  good  engineering  practice  stack  height 

H  =  height  of  structure  or  nearby  structure 

L  =  lesser  dimension  (height  or  width)  of  the  structure  or  nearby 

structures." 

Furthermore,  "nearby"  "is  defined  for  a  specific  structure  or  terrain  feature, 

and  means  that  distance  equal  to  five  times  the  lesser  of  the  height  or  width 

dimension  of  a  structure  or  terrain  not  greater  than  one-half  mile  (0.8  km)". 

As  part  of  the  facility  relevant  tall  structures 

include: 

Minimum  GEP 

Height  Length  or  Width  Height 

(m)  (m)  (m) 

Ammonia  Scrubber  52.1  65.8  9.2 

Lurgi   Lift  Pipe  54.9     "  69.4  9.6 

Both  the  ammonia  scrubber  and  the  Lurgi    lift  pipe 
are  designed  to  be  greater  than   5-times   the  minimum  length  (or  width)   from  the 
FGD  or  Lurgi   stacks  respectively  to  avoid  excessive  downwash.     Therefore,  the 
GEP  stack  heights  for  FGD's   and   Lurgi's  of  65.8  and   69.4  meters   respectively 
need  only  be  addressed   in  terms  of  general   guidance.     Model   runs  were  made 
with   34  and   30  meter  stacks  respectively  but  the   impacts  on  the  point  of 
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maximum  24-hour  SO2  concentrations   are   less  than   -5  and  -1  ug/m3 
respectively  as  obtained  from  rough-terrain  model   runs  for  these  stack   height 
differences.     As  the  other  extreme,  GEP  limits  the  maximum  stack  height 
creditable  under  the  regulation. 

5.2.2     Compliance  with  NAAQS 
As   indicated   in  Section   3.2,   the  baseline  value  for  SO2  is 
1  ug/m3.     This   is   added  to  the  maximum  PSD  increments  to  demonstrate 
compliance  as  follows: 


Averaging 
Time 

(1) 
Basel ine 

(ug/m3) 

(2)                      (1)&(2) 
PSD  Baseline             Total 

(ug/m3)                       (ug/m3) 

NAAQS 

(ug/m3) 

24-hr 

1 

73                             74 

365 

Annual 

1 

16(rounded)           17 

80 

is  summarized   in  Table 

2. 

5.2.3     Compl 

iance  with  State  Standards 

State  of  Colorado  standards   are   identical  with  the 
NAAQS. 

6.0     TSP  Modeling 

6.1     Emission  Sources 

The  45  fugitive  dust   sources   and   7  particulate  point   sources 
are   located  on  drawings  EM-101,   -102  and  -103  of  Appendix  4.0.     Control    system 
characteristics  are  given  on  EM-101.     Source  coordinates,  as -modeled  emission 
magnitudes   and  stack  characteristics   are  shown  on  drawing  EM- 104. 

Method  of  treatment  of  modeling  the  shale-  and  topsoil -piles   as 
fugitive  dust  sources   is   as  follows.     The  spent  shale  pile   is   assumed  to  have 
an  exposed  area  (working  face)  over  time  of  50  acres.     Location  of  the  exposed 
area  changes   as  the  shale  pile  grows.     Its   location  for  three  representative 
years   is   shown  on  Figures   lla-llc  for  years   10,   15,   and   25  respectively. 
Inasmuch   as  that   location  resulting   in  maximum  ground-level   plume 
concentration   is  not  known  before  the  fact,  all   three  years  are  modeled. 
Spent  shale  pile  model   representation   as  a  series  of  square  blocks    is  shown  on 
Figures   12a-12c  for  years   10,   15,   and   25  respectively.     For  example,  the  spent 
shale  pile  for  year   10  on  Figure   12a   is  represented  by  7  blocks   (sources  33a 
thru  33g).     Furthermore,  topsoil    is   scraped  from  along  the  base  of  the  exposed 
pile  (source  38  and   shown   as   11  blocks   38a  thru  38k),  moved  by  truck  and 
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dumped  and  spread  uniformly  along  the  top  of  the  pile  (source   42  and   shown  as 
blocks   42a  thru  42k).     Years   15  and   25  are  treated   similarly  on  Figures   12b 
and   12c. 

The  raw  shale  pile  is   assumed  to  have  an  exposed  area  (working 
face)  over  time  of  15  acres.     Location  of  the  exposed  area  changes   as  the 
shale  pile  first  grows  and  then  contracts  to  zero.     Its  location   is  shown  on 
Figures   13a-13c  for  years   10,   15,   and   25  respectively;  again,   all   these  years 
were  modeled.     Raw  shale  pile  model   representation  as   a  series  of  square 
blocks   is  shown  on  Figures   14a-14c  respectively.      In  similar  fashion  to  that 
of  the  spent  shale  pile,  topsoil    is  scraped  from  along  the  base  of  the  exposed 
pile,  moved  by  truck,  dumped,   and  spread  uniformly  along  the  top  of  the  pile. 

The  model    utilizes  the  block  dimensions   and  coordinates   of  the 
lower   left  hand  corner  of  the  block  with  regard   to  shale  pile   square-area 
sources . 

Shale  pile  emission  factors  have  assumed  the  following: 

1.  Annual  emission  factors   assume   150  days  of  snow  cover. 

2.  Annual  emission  factors  assume  winds  (at  the  8-foot  level 
of  the  tower)  exceed  12  mph  (5.4  m/s)  11%  of  the  time,  as 
substantiated  by  meteorological-tower  wind  data. 

3.  Twenty-four  hour  emission  factors   assume  winds  exceed  12 
mph   100%  of  the  time  (substantiated  by  a  D  stability  case 
with   25  hours  of  SSW  wind  @  10.8  m/s). 

Emissions  from  major  particulate  sources   are  assumed  to  follow 
the  equations  of  dry  deposition   as  previously  described   in  Section   4.4. 
Estimates  of  particle  size  distributions  for  these  sources   (run-of-mine  raw 
shale,   1/2"   raw  shale,   spent  shale,   topsoil,  mine-vent  emissions,  and 
Lurgi-stack  emissions)   are  presented  on  Figure  15. 
6.2     Results 

6.2.1     PSD  Compliance 
6.2.1.1     Class  I 

Twenty-four  hour  isopleths  for  TSP  are  presented  on 
Figure   16  yielding  approximately  0.15  ug/m^  at  Flattops  compared  to 
the  standard  of  10.0.     The  annual    isopleth  for  TSP  at   1.0  ug/m^  is   shown  on 
Figure  23  (in  section   7.0);  extrapolation  to  Flattops  yields  0.03  ug/m^ 
compared   to  the  standard  of  5.0. 
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6.2.1.2     Class  II 

With  regard  to  particulates,  as   previously 
stated,   location  and  extent  of  the  shale  piles  change  with  time.     Pile  con- 
figurations  in  years   10,   15  and   25  were  modeled  with  the  result  that  those  for 
year   25  yielded  the  highest  ground   level   concentrations.      It   is   to  be  further 
recalled  that  the  emission  factor  for  the  shale  piles   is  wind-speed 
dependent;    i.e.,   shale  pile  emissions  from  wind  erosion  exist  only  when  wind 
speed   is    in  excess  of  5.4  m/s   (12  mph)  with  utilization  of  the  EPA  approved 
emissions  formula. 

In  the   initial   screening  process  short-term 
(24-hour)   TSP  concentrations  for  worst   and   second-worst-case  conditions  at   a 
24-hour  wind  direction  persistence  resulted   in  high  concentrations.     A  refined 
model   version   utilizing  dry  deposition  was  then  run.     Twenty-four  hour 
resulting  concentrations   are  as   follows: 

Worst  Case  -  6-hr  persistence  of  SSW  winds  for  F 
Stability  @  0.9  m/s  yielded  41  ug/m3; 

Second  Worst  Case  -  24-hr  persistence  of  SSW  winds  for  D 

Stability  @  10.8  m/s  yielded   27  ug/m3. 

The  second-worst  case  yielded   27  ug/m3  compared  to  the  standard  of  37 
ug/m3.     Isopleths  for  this   (governing)  case  are  presented  on  Figure  17. 
Isopleths  for  the  annual   case   as  obtained  from  the   inital    screening  mode  using 
the  basic  Valley  Model    are  presented  on  Figure  18.     Maximum  off-tract  concen- 
trations  are  10  ug/m3  compared  to  the  Class   II  standard  of  19  ug/m3. 

Demonstration  of  compliance  with  PSD  increments 
is  summarized  on  Table   1. 

6.2.2  Compliance  with  NAAQS 

The  baseline  value  for  particulates   (Section  3.2)   is  13 
ug/m3.     This  value  is   added  to  the  second-highest  modeled   increments  to  dem- 
onstrate compliance  with  NAAQS  as  shown   in  Table  2. 

6.2.3  Compliance  with  State  of  Colorado  Standards 
These  ambient  standards   are  the  same  as  the  NAAQS. 
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7.0     Other  Modeling 

Three  topics  are  included  here:     demonstration  of  compliance  with 
NAAQS  for  CO  and  NO2,  effects  from  secondary  emissions   sources   and 
approximate  regional  modeling. 

7.1  NAAQS  Compliance  for  CO  and   N02 

One-  and  eight-hour  CO  concentrations  were  run  for  Cases   15, 
17,   18  of  Table  5  and  yield  peak  off-tract  concentrations  of  858  and  479 
ug/m3  respectively.     When  baseline  values  are  added  to  these  values  the  sums 
are  well   below  the  Federal   standards  of  40,000  and   10,000  ug/m^  respec- 
tively,  and  compliance   is  demonstrated   as  shown  on  Table   2. 

Annual   N02  concentrations  were  run  (as  N0X)  yielding  peak 
off -tract  concentrations  of  71  ug/m^  for  C.B.   sources.     The  Federal   standard 
of  100  ug/m3  is   as   shown  on  Table  2.      Isopleths   are  shown  on  Figure  19. 
When  the  baseline  value  of  2  is  added  to  71,  the  value  of  73  is  well   below  the 
NAAQS  standard  of  100  ug/m^  and  compliance   is  demonstrated   as   shown  in  Table 
2. 

7.2  Effects  from  Secondary  Emissions  Sources 
7.2.1     On  PSD  Increments 

Currently  permitted  primary  sources   and  secondary 
sources   such   as  those  emissions  from  towns  and  traffic  which  are  due  to 
presence  of  permitted  primary  sources  all   of  which   are  within  a  prescribed 
impact  radius  of  the  C-b  Tract  are  potentially  chargeable  to  the  PSD  increment 
of  C.B.     This   is  true  only  if  contributions  of  these  sources   affect  the  Class 
II   increment  at  the  point  of  maximum  ground   level   ambient  concentration,  or  if 
these  sources   affect  the  Class  I  increment   at  the  border  of  the  Flattops 
Wilderness   area. 

7.2.1.1     Other  Currently-Permitted   Primary  Sources 

Currently  permitted  primary  sources'    in  the  area 


are: 


Source  Size 


Colony  47,000  bbls/day 

Union  9,000  bbls/day 

C-a  1,000  bbls/day 

C.B.  5,000  bbls/day 


Dist 

ance 

From 

C.B. 

mi 

(km) 

13 

12 

18 

0 

(20.9) 
(19.3) 
(29.0) 
(0) 

V-55 


s 


E 
O 


E 

AC 

o 


<NJ: 


</) 


a>  2 


£  <  ■ 

3   3  Z 

Clio 

<lo 
o 


* 


V-56 


Occidental's  Logan  Wash  facility  and   Paraho's  facility  are  test  facilities 
operated  on  a  temporary  basis   and   are  not  further  considered.     Towns   in  the 
vicinity  include  Rifle,  Meeker,   Rangely,    Battlement  Mesa,  De  Beque,  Parachute, 
and  Silt. 

Significance   levels  for  air   quality  impacts   are 
shown  on  Table  11  for  various  pollutants  and  averaging  times.     Using  annual 
SO2  as   an  example,  the  significance  level   for  this  case   is   1  ug/m^;  the  1 
ug/m^  isopleth  for  C.B.   sources   is  generated  as  on  Figure  20.     A  circle 
centered  at  C.B.  tangent  to  the  farthest  extremity  of  the   1  ug/m^  isopleth 
is  called  the  impact  radius.     Permitted  sources  other  than  C.B.  and   secondary 
sources  within  this  radius  should  be  modeled  for  potential   effects  on 
increment  consumption  for  this  pollutant   (SO2)   and   averaging  time  (annual). 
The  following   impact  radii   have  been  established: 


Significance  Level 

Impact 

Isopleth 

Shown 

Radius 

Pollutant 

Averaging  Time 
24-hr 

on  Figi 

jre 

Mi    (km) 

TSP 

17 

6.4  (10.3) 

S02 

3-hr 

8 

7.5  (12) 

S02 

24-hr 

7 

15.4  (24.8) 

TSP 

Annual 

21 

17.7  (28.5) 

S02 

Annual 

20 

29.2   (47) 

N02 

Annual 

19 

41.6   (67) 

These  are  shown  on  Figure  22. 

Results  for  the  effects  of  permitted  primary 
sources   are  as  follows:     for  Class   I  the  maximum  impact   locations   all  occur  at 
the  east-southeastern  border  of  Flattops  and  are  therefore  linearly  additive. 
These  are  indicated  on  Table  12. 

For  Class  II,  results  are  dependent  on  the 
impact  radius  and  on  the  location  of  the  maximum  impact  point. 

1)  Annual  S02  -  Permitted   primary  sources 
within  the  47  km  impact  radius   are  Union,   Colony,   C-a,   and  C.B.     The  location 
of  the  maximum  impact  point  for  the  present   application   is   approximately  8  km 
from  the  origin   in   a  NNE  direction.     Union,    Colony,   and  C-a  contribute 
negligible   increments   at  this   location.     C.B. 's   permitted  facility  contributes 
0.1  ug/m^  at  this   location. 

2)  Annual   TSP  -  In  order  of  decreasing  impact 
radius,   this  condition   is  next  and  admits  the  same  four  sources   at  an  impact 
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TABLE  11 


SIGNIFICANCE  LEVELS  FOR  AIR  QUALITY  IMPACTS 


Averaging  time 

Annual , 

24-Hour, 

8-Hour 

3-Hour 

1-Hour 

Pollutant 

ug/m 

/  3 
ug/m 

/  3 
ug/m 

/  3 
ug/m 

/  3 
ug/m 

so2 

1 

5 

- 

25 

- 

TSP 

1 

5 

- 

- 

- 

NC-2 

1 

- 

- 

- 

- 

CO 

- 

- 

0.5 

- 

2 
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TABLE  12 

EFFECTS  OF  PERMITTED  PRIMARY  SOURCES  ON  CLASS  I  AREA* 

(Flattops) 


Pollutant 

Impact 

from  Each  Source  (ug/m  ) 

Total 
(ug/m^) 

Colony 

Union 

C-a     C.B.** 

so2 

Annual 

<0.05 

0.001 

<0.02 

<0.01 

<0.081 

24-hr 

<0.05 

0.01 

0.3 

<0.1 

<0.46 

3-hr 

0 

0.06 

0.8 

0.2 

1.06 

TSP 

Annual 

~0 

<0.001 

<0.01 

~0 

<0.011 

24-hr 

0.01 

0 

0.1 

~0 

<0.11 

*These  are  linearly  additive  since  they  occur  at  south-southeastern  border 
of  Flattops. 

**5000  bbl/day  permitted  C.B. 
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radius  of  28.5  km.     The  maximum  impact   location   is   on  the  northern  tract 
boundary  in  the  NNE  direction  from  the  origin.     Union,   Colony,   and  C-a 
contribute  negligible  increments  at  this   location.     C.B.'s  permitted  facility 
contributes  approximately  3.5  ug/m3  (80  acres  of  shale  pile). 

3)  24-hr  SO2  -  The   impact  radius   is   24.8  km 
and   includes  permitted  sources,  Union,    Colony,   and  C.B.   (but  not  C-a).     Point 
of  maximum  impact  occurs  on  the  tract  boundary  in   a  NNW  direction.     Union  and 
Colony  contribute  negligible   increments  at  this   location.     C.B.'s  permitted 
facility  contributes  0.0  ug/m3  at  this   location. 

4)  3-hr  SO2  -  The   impact  radius   is   12  km  and 
C.B.'s  permitted  facility  is  the  only  source  therein.     The  maximum  impact 
location   is  on  the  northern  tract  boundary  in   a  NNW  direction  from  the  origin. 
C.B.'s  permitted  facility  contributes  0.0  at  this   location. 

5)  24-hr  TSP  -  The   impact  radius    is  10.3  km 
and  C.B.'s  permitted  facility  is  the  only  source  therein.     The  maximum  impact 
location   is  on  the  northern  edge  of  the  tract  boundary  in   a  NNE  direction  from 
the  origin.     C.B.'s  permitted  facility  contributes   4.4  ug/m3  at  this 
location. 

In  summary  the  effects  of  permitted  facilities 
on  the  C.B.   Class   II   increment  are: 


PSD 

Increment 

PSD   Increment 

Total    PSD 

Consumed  by  C.B. 

Consumed  by  Other 

Increment 

Alone 

Per 

-mi ted  Facilities 

Consumed 

Pollutant 

(ug/m3) 

(ug/m3) 

(ug/m3) 

S02 

Annual 

15.6 

0.1 

15.7 

24-hr 

73 

0.0 

73 

3-hr 

303 

0.0 

303 

TSP 

Annual 

10 

3.5 

13.5 

24-hr 

29 

4.4 

33.4 

7.2.1.2     Secondary  Sources 

For  the  secondary  effects  study,   as  depicted  on 
Figure  23,    in  addition  to  the  permitted  primary  sources  potential    secondary 
sources  were  assumed  to  exist   in  neighboring  towns   and   as  traffic   along  the 
following  road   segments: 
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Segment  1  -  C-b  Tract  to  Piceance  Creek  Road  (PC)  then  along 
the  road  to  Rio  Blanco  Store  (RB); 

2  -  From  RB  to  Meeker; 

3  -  From  RB  to  Rifle. 

Town  of  Rifle  emissions  consisted  of  sources  due  to  vehicle  traffic,  trains, 
and  house  heating.  Meeker  emissions  consisted  of  vehicle  traffic  and  house 
heating.  Secondary  emission  factors  are  contained  in  Appendix  10.0  for  a  case 
called  Scenario  1.  A  second  scenario  designated  here  as  Scenario  2  incorpor- 
ates effects  of  increased  regional  population  levels  as  estimated  in  the 
Colorado  West  Transportation  Plan(l)  and  the  Colorado  West  Population 
Projections^)  as  contained  in  Appendix  13.0.  Emissions  were  ratioed  up 
from  Scenario  1  on  the  basis  of  population  increases.  Scenario  1  includes 
secondary  effects  of  C.B.  operations  on  the  neighboring  region.  Scenario  2 
adds  secondary  effects  of  all  existing  permitted  facilities  to  the  secondary 
effects  of  Scenario  1.  Figure  23  depicts  SO2  and  TSP  secondary  emissions; 
Table  13  gives  N0X  and  CO  emissions.  Initial  screening  indicated  that  only 
Rifle,  Meeker  and  the  above  road  segments  were  of  sufficient  magnitude  for 
further  consideration  as  secondary  sources. 

Regarding  PSD  increment  consumption  only  the 
annual  SO2  impact  radius  intersects  Meeker;  no  impact  circle  intersects 
Rifle.  Therefore  Rifle  was  eliminated  as  a  secondary  emission  source.  The 
annual  SO2  case  also  envelops  about  half  of  the  road  from  C.B.  to  Rio  Blanco 
store;  thus  both  Meeker  and  the  nearby  road  were  modeled  as  secondary 
sources.  A  Meeker -centered  annual  SO2  run  using  C.B.  meteorology  (since 
Meeker  has  none  available)  resulted  in  a  maximum  concentration  very   close  to 
Meeker  of  less  than  1.0  ug/m^  for  both  Scenarios  1  &  2  so  Meeker  itself  has 
no  effect  on  maximum  concentrations  near  the  Tract.  For  both  Scenarios  1  &  2 
effects  at  Flattops  are  near  zero.'  To  the  nearest  0.1  ug/m^  secondary 
effects  of  the  road  on  primary  concentrations  near  C.B.  and  of  both  scenarios 
are  summarized  on  Table  14. 


(1)  This  reference  year  is  2000.  It  assumes  205,000  BPD  shale  oil 
production  and  19  million  tons/yr  coal  production. 

(2)  The  reference  year  is  1990.  It  utilizes  currently  projected 
coal  and  oil  shale  development. 
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TABLE  13 
Secondary  N0X  &  CO  Emissions 

Scenario  '        Item  NQX    CO  (1-Hr) 

1       Town  of  Rifle  (gm/sec) 

Vehicle  Traffic  5.46  46.3 

Train  5.83 

Home  Heating  1.22       0.30 

Total  12.51  46.6 

Town  of  Meeker     (gm/sec) 

Vehicle  Traffic  2.27  10.87 
Train 

Home  Heating  0.50  0.13 

Total  2.77  11.0 


Road  Segment     (gm/sec/mi) 

1 
2 
3  0.023     0.008 


1  0.033     0.010 

2  0.004     0.001 


Town  of  Rifle     (gm/sec) 

Vehicle  Traffic  9.46       44.77 

Train  5.83 

Home  Heating  2.11         0.53 

Total  17.40       45.30 

Town  of  Meeker     (gm/sec) 

Vehicle  Traffic  5.61       26.86 
Train 

Home  Heating  1.25         0.32 

Total  6.85       27.18 

Road  Segment     (gm/sec/mi) 

1  0.110       0.372 

2  0.162       0.594 

3  0.164       0.580 
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TABLE  14 
EFFECTS  OF  SECONDARY  SOURCES 

(a)  On  PSD  Increments 


Scenario  Class 


Case 


Primary 
Concentration 

(ug/m3) 


Secondary 

Sources 

Concentration 

(ug/m3) 


Location 


24-Hr  S02 
Annual  S0? 
24-Hr  TSP"1 
Annual  TSP 


<0.01 
0.06 
0.15 
0.03 


<0.01 
<0.02 
<0.01 
<0.01 


Flattops 


24-Hr  S0? 
Annual   SO? 
24-Hr  TSP 
Annual   TSP 


<0.01 
0.06 
0.15 
0.03 


<0.01 

<0.02 

0.02 

<0.01 


Flattops 


II 


24-Hr  S02 
Annual  S0? 
24-Hr  TSP^ 
Annual  TSP 


73 

15.6 

27 

10 


0.0 
0.0 
0.1 
0.0 


Max.  Class 

II  Concentration 

Point 


II 


24-Hr  S02 
Annual  S0? 
24-Hr  TSP 
Annual  TSP 


73 

15.6 
21 
10 


0.0 
0.0 
0.0 
0.0 


Max.  Class 

II  Concentration 
Point 


(b)  On  Max.  CO  &  N0X  Concentrations 

There  were  no  effects  on  CO  & 
NOX  at  the  point  of  maximum 
off-tract  concentrations. 
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In  addition  to  the  effects  of  secondary  sources 
on  SO2  and  TSP,   their  effects  on  N0X  and  CO  were  investigated.     N0X  has 
its  point  of  maximum  concentrations  NNE  of  the  tract  at  a  distance  of  8  km. 
At  this   location  all   roads  had  negligible  effects.     C.B.'s  permitted   facility 
adds  2.8  ug/m^  there.     No  effects  of  other  sources  on  CO  were  found. 
7.3     Regional   Basin  Impacts 

An  approximate  SO2  analysis  has  been  made  using  the  Valley 
Model   for  the  major  oil -shale  sources    in  the  Piceance  Basin   in  this  time 
period  to  determine  their  combined  effects  on  Class  I  areas.     These  sources 
include: 

C.B.   @  117,000  bbls/day 

C-a     0     76,000  bbls/day 

Union  I  150,000  bbls/day 

Colony  @     47,000  bbls/day 

Unspecified  Source  @  200,000  bbls/day 

TOTAL       590,000  bbls/day 

Present  small   permitted  sources  have  been  ignored. 

Emission  source   locations   are  shown  on  Figure  24;  emission 
source  strengths  and  stack  characteristics  are  presented   in  Table   15.     Assump- 
tions  include: 

1.  One  stack  summarizes  each  facility. 

2.  Emissions   are  prorated  on  basis  of  C.B.  by  bbl/day  of  out- 
put; Colony  is  ratioed  by  98%  BACT. 

3.  C.B.   annual  meteorology  has  been   assumed  to   apply. 
Concentrations  for  this   annual   case  are  approximately  1.0  ug/m^  at  the 
Flattops  boundary  as  shown  on  Figure  25.     These  results   are  approximate  at 
best   at   57  km  from  C.B. 
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VI.   ADDITIONAL  IMPACT  ANALYSIS 
1.0  Growth  Analysis 

The  air  quality  impact  from  the  project  includes  sources  of 
emissions  not  limited  to  the  Tract  C-b  operation.  These  sources  are 
associated  with  the  necessary  movement  of  people  and  materials  to  and  from  the 
Tract,  the  population  increases  in  surrounding  cities  resulting  from  the 
employees  families  and  needed  services  support,  and  from  additonal  railroad 
activity  associated  with  the  rail  siding  near  Rifle. 

1.1  Socioeconomic  Analysis 

The  basis  upon  which  the  off -Tract  emissions  are  calculated,  is 
the  socioeconomic  analysis.  This  study  was  done  as  a  requirement  of  the  sub- 
mittal for  the  DOE  Alternate  Fuels  Proposal  Loan  Guarantee  Program.  The  com- 
plete study  is  found  in  Appendix  9.0.   It  is  based  on  the  latest  development 
philosophy  and  includes  the  manpower  curves,  anticipated  population  increases 
in  the  various  cities,  and  mitigative  measures  to  be  taken  to  minimize  the 
adverse  effects  of  growth  caused  by  the  C.B.  project. 

1.2  Emissions  from  Off -Tract  Activities 

1.2.1  Introduction 

Rocky  Mountain  Division,  the  Pace  Company  Consultants 
and  Engineers,  Inc.,  at  the  request  of  Cathedral  Bluffs  Shale  Oil  Company,  has 
quantified  the  emissions  associated  with  off -Tract  vehicle  traffic,  and  sec- 
ondary impacts  from  population  growth  resulting  from  the  C.B.  project.  This 
analysis  is  based  on  the  earlier  socioeconomic  study,  Appendix  9.0.  The 
emissions  are  summarized  and  the  basis  for  their  derivation  specified.  To 
ensure  acceptance  by  the  reviewing  agencies,  the  regional  office  of  the 
Environmental  Protection  Agency  was  contacted  to  verify  the  validity  of  the 
methods  being  utilized.  The  emission  factors  used  for  the  various  sources  are 
tabulated  in  Appendix  10.0. 

1.2.2  Summary 

Two  sets  of  emission  are  shown  for  impacts  of  the 
Cathedral  Bluffs  project.  The  first  set  (shown  in  Tables  VI-1  and  VI-2)  are 
emissions  that  result  from  off -Tract  vehicle  traffic  associated  with  plant 
operations.  The  emission  factors  used  were  developed  from  an  EPA  computer 
program  and  represent  the  most  up-to-date  factors  available. 

The  second  set  of  emissions  is  a  sum  of  the  discharges 
resulting  from  the  increased  population,  termed  secondary  impacts,  in  towns 
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such  as  Meeker,   Rifle,   and  Silt.     (Shown  in  Tables   VI-3  and   VI-4).     The 
population  figures  consider  not  only  the  plant  work  force,  but   also  the 
service  sector  personnel    and  their  families.     These  sources   result  from 
emissions  from  their  vehicles,   home  heating,   and  a  railway  siding  near  Rifle. 
The  emissions   are  utilized   in  the  Air   Diffusion  Model    (Section  V)  to  determine 
any  impact  on  the   increments   and  to  establish  the   isopleths  necessary  to 
determine   if  the-on-tract  and  off -tract  emissions  would   intersect   at  any  point 
in  their  dispersion  patterns.     When  the  off-tract  emissions   intersect  the 
on-Tract  emissions,  they  are  modeled  against  the   increment. 

TABLE  VI-I 
EMISSIONS   FROM  OFF-TRACT  VEHICLES 

Sulfur  Nitrogen 


Vehicle 

Dioxide 

Particulate 

Oxides 

Hydrocarbons 

Type 

(lb/day) 

(lb/day) 

(lb/day) 

(lb/day) 

Diesel 

94 

43 

241 

49 

Gasol ine 

4 

7 

52 

28 

TOTAL 

98 

30 

293 

77 

TABLE   VI -2 
CARBON  MONOXIDE   EMISSIONS   FROM  OFF-TRACT  VEHICLES 
(pounds  per  hour) 


Vehicle  Type 

Time 

Diesel 

Gas 

Total 

0100 

6 

3 

9 

0200 

6 

3 

9 

0300 

6 

3 

9 

0400 

6 

3 

9 

0500 

6 

3 

9 

0600 

6 

3 

9 

0700 

45 

17 

62 

0800 

51 

25 

76 

0900 

12 

11 

23 

1000 

12 

11 

23 

1100 

12 

11 

23 

1200 

12 

11 

23 

1300 

12 

11 

23 

1400 

12 

11 

23 

1500 

51 

22 

73 

1600 

51 

22 

73 

1700 

12 

11 

23 

1800 

12 

11 

23 

1900 

12 

11 

23 

2000 

6 

3 

9 

2100 

6 

3 

9 

2200 

6 

3 

9 

2300 

23 

3 

26 

2400 

23 

3 

26 
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TABLE  VI- 

■3 

EMISSIONS  FROM  SECONDARY 

IMPACTS 

Sulfur 

Nitrogen 

Dioxide 

Particulates 

Oxides 

Hydrocarbons 

Towns 

(lb/day) 

(lb/day) 

(lb/day) 

(lb/day) 

Rifle 

243 

253 

2,382 

883 

Meeker 

30 

74 

528 

251 

Silt 

12 

29 

211 

100 

Other  Areas* 

6 

15 

105 

50 

*Other  Areas  represent  towns  such  as  Rangely,  Battlement,  and  Parachute. 


TABLE  VI-4 
CARBON  MONOXIDE  EMISSIONS  FROM  SECONDARY  IMPACTS 
(pounds  per  hour) 

Town 


Other 

Time 

Rifle 

Meeker 

Silt 

Areas 

0100 

207 

87 

34 

17 

0200 

207 

87 

34 

17 

0300 

207 

87 

34 

17 

0400 

207 

87 

34 

17 

0500 

207 

87 

34 

17 

0600 

207 

87 

34 

17 

0700 

207 

87 

34 

17 

0800 

207 

87 

34 

17 

0900 

207 

87 

34 

17 

1000 

207 

87 

34 

17 

1100 

207 

87 

34 

17 

1200 

207 

87 

34 

17 

1300 

207 

87 

34 

17 

1400 

207 

87 

34 

17 

1500 

207 

87 

34 

17 

1600 

207 

87 

34 

17 

1700 

207 

87 

34 

17 

1800 

207 

87 

34 

17 

1900 

207 

87 

34 

17 

2000 

207 

87 

34 

17 

2100 

207 

87 

34 

17 

2200 

207 

87 

34 

17 

2300 

207 

87 

34 

17 

2400 

207 

87 

34 

17 

2.2.3 

Vehicles 

The  emissions  from  off -tract  cars  and  trucks   are  based 
on  the  following  vehicle  numbers   and  types.     The  vehicle  distribution  and 
emissions  were  developed  with  the  resultant   assumptions:     1)   FMC  gas  treating 
will    be  used  requiring  limestone,   2)   98%  of  the   labor  force  will    ride  the 
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company-provided  buses,  3)   all    available  NH3  will   be   liquified   and   sold  as 
product,   4)  explosives  will    be  manufactured  off-tract,   5)  no  private  vehciles 
will   be  allowed  on-tract,   and  6)  all   gasoline  vehicles  will   be  new  generation 
type  with  catalytic,  or  equivalent,  control   of  exhaust  emissions. 


TABLE   VI -5 
Off-Tract  Vehicles  Entering  and  Leaving 
The  Site  on  a  Daily  Basis 

A)  Diesel   Vehicles 

1)  Employee  Buses 

2)  20  Ton  Limestone  Trucks,   1000  T/D 

3)  Vendor  Supply  40/ D,   25%  Diesel 

4)  Explosives  and  primers 

5)  Concrete  and  associated  raw  materials 

6)  Ammonia  product  (liquefied) 

7)  Oxy  Support 

8)  Fuel  Supply 

TOTAL 

B)  Gasol ine  Vehicles 

1)  @  4430  employees   approximately  3320/day,   2%=66 
Assume  two  riders/vehicle 

2)  Company  vehicles 

3)  Vendor  vehicles 

4)  Support   and  Regulatory  Agencies 

5)  Sales  representatives 

TOTAL 
TOTAL   OF  BOTH   A  &  B 
*  These  will   park   at  the  tract  boundary 

**   It   is   assumed  that  these  will    impact  the  site  between  the 
a.m.   and  8:00  p.m.     All   others   are   assumed   to  be  24-hour  0 
***  These  will   only  impact  at  morning  and  afternoon  shift  chan 
****  Buses  will    impact  the  tract  only  at  shift  change. 


85**** 

50 

10** 

8** 

25** 

18 

5** 

4** 

705 


33*,*** 

50 

30** 

15** 

20** 


148 
353 


hours  of  8:00 
perations. 

ge. 


The  emissions  are  calculated  using  the  number  of  ve- 
hicles, the  trip  mileage,  and  a  quantity  known  as  the  emission  factor.  The 
emission  factor  relates  the  quantity  of  emissions  such  as  carbon  monoxide,  or 
sulfur  dioxide  to  the  number  of  miles  driven.  The  emission  factor  is  depend- 
ent on  the  age  and  type  of  vehicle,  the  driving  speed,  the  air  temperature, 
the  engine  temperature,  and  the  driving  altitude.  The  factors  were  computed 
using  MOBILE  1,  which  is  a  computer  program  developed  by  the  Environmental 
Protection  Agency  to  calculate  emission  factors  based  on  a  set  of  given  para- 
meters. The  parameters  used  for  the  factors  given  in  Appendix  10-A  are: 

a)  An  average  driving  speed  of  45  miles  per  hour. 

b)  A  mean  winter  temperature  of  25°F  and  a  mean  summer  temperature 
of  55°F. 
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c)  High  altitude  driving  (5,000  feet  above  sea  level) 

d)  Hot  engine  temperature  (10%  cold  start  engines) 

e)  Emissions  projected  for  cars  in  1990. 

Based  on  the  anticipated  distribution  of  people  between 
Meeker  and  Rifle,  it  can  be  assumed  that  fourteen  percent  of  the  traffic  will 
flow  to  Meeker  from  the  Rio  Blanco  Store  intersection.  The  balance  will  flow 
to  Rifle  with  100%  of  the  flow  being  shown  to  occur  between  the  Tract  and  the 
Rio  Blanco  Store. 

1.2.4  Population  Growth 

Secondary  impacts  arise  from  growths  in  population  that 
are  directly  attributable  to  the  construction  and  operation  of  a  plant.  For 
the  C.B.  project,  the  lack  of  sufficient  skilled  labor  being  available 
locally  will  necessitate  an  influx  of  workers  from  other  areas.  Not  only  will 
people  be  required  for  employment  at  the  plant,  but  additional  employment  is 
generated  for  people  in  service  sector  jobs.  Manpower  curves  (Appendix  9.0) 
have  been  projected  for  the  project  and  the  resulting  population  increases  in 
towns  near  the  plant  site  are  anticipated  to  be  as  presented  in  Table  VI -6. 

TABLE  VI -6 

PROJECTED  LOCAL  POPULATION  INCREASES 

AS  A  RESULT  OF  THE  PROJECT 


Other 

Year 

Rifle 

Meeker 

Silt 

Areas 

Total 

1981 

885 

290 

140 

105 

1,420 

1982 

1,835 

655 

300 

195 

2,985 

1983 

4,255 

1,565 

695 

435 

6,950 

1984 

6,150 

2,250 

1,005 

630 

10,035 

1985 

9,080 

3,420 

1,490 

895 

14,885 

1986 

10,080 

3,785 

1,650 

1,000 

16,515 

1987 

11,015 

4,095 

1,800 

1,105 

18,015 

1988 

11,165 

4,255 

1,835 

1,080 

18,335 

1989 

10,925 

4,340 

1,805 

990 

18,060 

1990 

11,430 

4,680 

1,900 

980 

18,990 

1991 

10,995 

4,530 

1,835 

915 

18,325 

As  is  evident  from  this  table,  the  population  increases 
are  the  largest  in  1990  and  thus  the  maximum  impacts  occur  in  this  year.  The 
secondary  impacts  of  this  project  within  the  communities  will  arise  from  three 
sources;  increased  home  heating  emissions,  increased  vehicle  emissions,  and 
increased  railroad  traffic  at  the  plant  siding  in  Rifle.  The  number  of 
housing  units  required  for  the  increased  population  has  also  been  projected 
and  is  presented  in  Table  VI-7.  The  primary  heating  source  on  the  Western 
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Slope   is   natural   gas.     Even  though  natural   gas    is   a  very  clean  burning  source 
of  heat,   some  emissions  can  be  attributed   to  home  heating.     Based  on  the  num- 
ber of  housing  units  predicted  for   1990,   a  gas   usage  of  136  thousand   standard 
cubic  feet  per  year  per  housing  unit,   a  six  month  heating   season,   and  the 
emission  factors  presented   in  Appendix   10-B,   the  emissions   are  calculated  to 
be  as  presented   in  Table  VI-8. 

TABLE   VI -7 
HOUSING   DEMAND  RESULTING  FROM  PROJECT  OPERATION 
Total  Housing  Units 


Year 

Rifle 

Meeker 

1981 

305 

130 

1982 

635 

265 

1983 

1,465 

610 

1984 

2,115 

880 

1985 

3,110 

1,295 

1986 

3,455 

1,440 

1987 

3,780 

1,575 

1988 

3,820 

1,590 

1989 

3,710 

1,545 

1990 

3,860 

1,610 

1991 

3,705 

1,545 

Other 

Silt 

Areas 

50 

25 

105 

55 

245 

120 

350 

175 

520 

260 

575 

280 

630 

315 

635 

320 

620 

310 

645 

320 

610 

310 

TABLE  VI-8 
EMISSIONS    FROM  HOME  HEATING 

Carbon  Sulfur  Nitrogen 

Monoxide  Dioxide  Particulates  Oxides         Hydrocarbons 

Town  (lb/hr)  (lb/day)  (lb/day)  (lb/day)  (lb/day) 

Rifle  2.4  1.7  44  232  24 

Meeker  1.0                      .72  18  96  9.6 

Silt  0.4                       .28  7.2  38  3.8 

Other  Areas  0.2                       .14  3.6  19  1.9 

The   increased  population  will    also  bring  about  an    in- 
crease  in  vehicles.     The  emission  from  this  vehicle  source   is  dependent  on  the 
number  and  type  of  vehicle  and  how  far  they  are  driven.     Based  on   information 
received  from  EPA,  the  following  assumptions   are  made: 

-  1.7  vehicles  per  household 

-  13,500  miles   are  driven  each  year   per  vehicle 

-  There  will    be  a  93%  car  -  7%  light  truck  mix 

The  emissions  from  this  increase  in  vehicular  traffic 
are  presented  in  Table  V 1-9,  and  were  calculated  using  the  emission  factors 
from  Appendix  10-A. 
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TABLE  VI -9 
EMISSIONS  FROM  VEHICLE  TRAFFIC 


Carbon 

Sulfur 

Nitrogen 

Monoxide 

Dioxide 

Particulates 

Oxides 

Hydrocarbons 

Town 

(Ib/hr) 

(lb/day) 

(lb/day) 

(lb/day) 

(lb/day) 

Rifle 

205 

70 

134 

1,040 

577 

Meeker 

86 

29 

56 

432 

241 

Silt 

34 

12 

22 

173 

96 

Other  Areas 

17 

6 

11 

86 

48 

The  rail  sidings  near  Rifle  will  be  used  to  bring  in 
limestone  and  other  supplies  for  plant  operation.  The  increased  rail  traffic 
will  have  a  resultant  effect  on  the  level  of  emissions.  Ten  cars  per  day  for 
limestone  (100  tons  per  car)  and  5  cars  per  day  for  other  supplies  were 
assumed.  This  results  in  the  equivalent  of  about  one  train  per  week  (assuming 
105  cars/train,  5  engines/train)  of  increased  rail  traffic  due  to  the  project 
and  the  use  of  a  switch  engine  to  maneuver  the  rail  cars.  The  train  would 
spend  about  an  average  of  two  hours  per  day  within  the  "air  quality  affected 
zone",  (approximately  40  miles).  The  switch  engine  would  average  two  hours 
per  day  usage  also.  Within  the  assumed  criteria  and  the  emissions  factors 
listed  in  Appendix  10-C,  the  emission  from  the  increased  rail  traffic  is 
calculated  to  be  as  presented  in  Table  VI-10. 

The  cumulative  effect  of  these  emissions  are  presented 
in  Tables  I 1-3  and  II-4. 


Carbon 
Monoxide 
(lb/day) 

390 


TABLE  VI-10 
EMISSIONS    FROM  RAILROAD  TRAFFIC 


Sulfur 
Dioxide 
(lb/day) 

171 


Particulates 
(lb/day) 

75 


Nitrogen 
Dioxides 
(lb/day) 

1,110 


Hydrocarbons 
(lb/day) 

282 


2.0  Effects  of  Air  Pollutants  on  Soils,  Vegetation  and  Wildlife 

2 . 1  Categorization  of  Soils  and  Vegetation  Types  in  the  C-b  Vicin- 
jty 

Soils  in  the  vicinity  of  the  C-b  Tract  have  been  intensively 
sampled,  analyzed  physically  and  chemically,  and  described  according  to  stand- 
ard soil  classification  techniques.  The  characteristics  of  each  of  the  soil 
types  are  discussed  in  detail  in  Section  3.2  of  Appendix  8-B,  and  summarized 
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in  Table  3.2-3  of  that  Appendix.     Pertinent  features  of  the  soils   in   the   area 
of  maximum  expected   impact   include  an  average  cation  exchange  capacity  (CEC) 
of  30.5  meq/100  gm  and  moderate  to  high  organic  matter  with  an  average  of 
about  3  percent.      In  addition,   the  average  pH  of  the  soils    in  the  vicinity  is 
8.2  with   a  range  from  7.2  to  8.6  with   all   but  two  samples   8.0  or  greater.     The 
high  pH  is  an  expression  of  the  calcareous  nature  of  these  soils  that  have 
generally  high  calcium  concentrations  of  4380  ppm  on  the   average.     The  average 
exchangeable  sodium  percentage   is   2.1  with  a  range  from  1.1  to  7.9  percent. 

Categorization  of  vegetation   in  the  vicinity  of  the  C-b  Tract 
has   identified   14  plant  communities.     Detailed  descriptions  of  these  plant 
communities   and  the  major  species  comprising  them  are  given   in  Section  3.3  of 
Appendix  8-B.     Table  Vl-lla  here   is  a   listing  of   all    species  present  on  or 
near  the  C-b  Tract.     Species   in  Table  Vl-lla  that  are  marked  with  asterisks 
are  those  known  to  be  sensitive  to  the  air  pollutants    indicated,  even  though 
in  all   cases   sensitivity  thresholds  are  much  greater  than  the  maximum  concen- 
trations expected  from  C-b  emissions,   as  discussed   in  Section  V. 

2.2  Maximum  Expected  Pollutant  Concentrations 

Table  Vl-llb  below  summmarizes  the  modeling  results,   and  the 
isopleths   in  Section  V  indicate  the  spatial    locations  of  these  maxima.     Con- 
version from     g/m3  to  ppm  was  done  using. the  same  ambient   conditions   that 
were  used   in  calculating  the  concentrations   as    indicated   in  Table  Vl-llb. 

Criteria  pollutants  for  which  anticipated  concentration  will 
exceed  de  minimus   levels  are  S02»  TSP,   and  N0X.     Model   calculations   (Sec- 
tion V)  show  that  the  emission  of  these  pollutants  will   result   in  concentra- 
tions that  comply  with  both   ambient   and   incremental    air   quality  standards. 
Compliance  with  established  standards  will   ensure  that  environmental    impacts 
are  precluded  or  minimized.     The  maximum  expected  ground   level   concentrations 
are  anticipated  to  occur  primarily  within  the  pinyon-juniper  woodland  and 
chained  pinyon-juniper  rangeland  communities. 

2.3  Effects  on  Maximum  Concentration  of  Pollutants  on  the  Types  of 
Soils,   Vegetation  and  Wildlife  Found  Within  the   Impact  Area 
2.3.1     Effects  on  Soils 

The  EPA  has  published  sensitivity  criteria  for  soils 
with  respect  to   acid  precipitation  (McFee,   1980).     The  non-sensitive  category 
includes  calcareous   soils  and  soils  with   an  average  cation  exchange  capacity 
(CEC)  greater  than   15.4  meq/100  gm.     The  calcareous  soils  of  the  C-b  vicinity 
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Table   Vl-lla  ALPHABETICAL  LISTING  OF  COMMON  NAMES 
FOR  THE  FLORA  OF  TRACT  C-b 


Common  Name 


Scientific  Name 


TREES,  SHRUBS,  AND  VINES 
Antelope  bitterbrush 
Big  sagebrush 
Blue  clematis 

*  Box  elder 
Chokecherry 
Currant 

*,**  Douglas-fir 

Four-winged  saltbush 

Gambel's  oak 

Golden  currant 
^        Greasewood 

Horsebrush 

Mormon  tea 

Mountain  mahogany 
**  Narrow-leaf  cottonwood 
**  Oregon  grape 

Pinyon  pine 

Prickly  pear 

Rabbitbrush 

Rock  spirea 

Rocky  Mountain  juniper 

Rubber  rabbitbrush 

*  Serviceberry 
Shadscale 
Siberian  elm 
Silver  buffaloberry 
Skunkbush 


Purshia  tridentata 

Artemisia  tridentata 

Clematis  columbiana 

Acer  negundo 

Primus  virginiana  var.  melanocarpa 

Ribes  cereum 


Pseudotsuga  menziesii 
Atriplex  canescens 
Quercus  gambelii 
Ribes  aureum 
Sarcobatus  vermiculatus 
Tetradymia  canescens 
Ephedra  viridis 


Cercocarpus  montanus 
Populus  angustifolia 
Mahonia  repens 
Pinus  edulis 


Opuntia  polyacantha 
Chrysothamnus  viscidiflorus 
Holodiseus  dumosus 
Juniperus  scopulorum 
Chrysothamnus  nauseosus 
Amelanchier  alnifolia 


Atriplex  confertifolia 
Ulmus  pumila 


Shepherdia  argentea 
Rhus  trilobata 
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Tabl  e  VI  - 1  la    ALPHABETICAL  LISTING  OF  COMMON  NAMES 
OF  THE  FLORA  OF  TRACT  C-b 
(Continued) 


Common  Name 


Scientific  Name 


Smooth  currant 

Snakeweed 
*Snowberry 

Utah  juniper 

Western  virgin 's-bower 

Wild  buckwheat 

Wild  hops 
**  Wild  rose 
**Willow 

Winter  fat    . 


Ribes  inerme 
Gutierrezia  sarothrae 
Symphoricarpos  orephilus 
Juniperus  osteosperma 
Clematis  ligusticifolia 
Eriogonum  lonchophyllum 
Humulus  lupulus  var.  neomexicanus 
Rosa  woodsii 
Salix  sp. 
Ceratoides lanata 


HERBS 
**  Alfalfa 
Alumroot 
Aster 

Balsam  root 
Baltic  rush 
Barnyard  grass 
Bastard  toadflax 
Beard  tongue 
Bee  plant 

Biennial  wormwood 
Blue-bunch  wheatgrass 
Blue  grama 
Blue  lettuce 
Canada  thistle 
Cattail 
Cheatgrass 
Checker  mallow 
Cinquefoil 
Clover 
Colorado  bedstraw 


Medicago  sativa 
Heuchera  parvifolia 
Aster  sp. 

Balsamorhiza  sagittata 
Juncus  arcticus  ssp.  ater 
Echinochloa  crus-galli  var.  mitis 
Comandra  pallida  ssp.  umbellata 
Penstemon  sp. 
Cleome  serrulata 


Artemisia  biennis 
Agropyron  spicatum 
Bouteloua  gracilis 
Lactuca  tatarica  ssp.  pulchella 


Cirsium  arvense 


Typha  latifolia 
Bromus  tectorum 
Sidalcea  neomexicana 
Potentilla  gracilis 


Trifolium  gymnocarpon 
Galium  coloradoensis 
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Table  Vl-lla 


Common  Name 


ALPHABETICAL  LISTING  OF  COMMON  NAMES 
OF  THE  FLORA  OF  TRACT  C-b 
(Continued) 

Scientific  Name 


Common  reed 

Common  sunflower 

Crested  wheatgrass 

Curly-cup  gumweed 

Dandelion 
*  Darnel  (Perennial   ryegrass) 

Death  camas 

Dock 

Double  bladderpod 

Easter  daisy 

Eriogonum 
**  Evening  primrose 

Evening  star 
Fairy  candelabra 
False  dandelion 
False  flax 
False  gromwell 
False  Solomon's  seal 
Fireweed 
Foxtail  barley 
Glaucous  aster 
Goat's  beard 
Golden  aster 
Golden  ragwort 
Goldenrod 
Golden  smoke 
Goldenweed 
**  Goosefoot 

Great  Basin  wildrye 
Green  sage 
Gumbo  lily 
Horsetail 


Phragmites  australis 

Helianthus  annuus 

Agropyron  desertorum 

Grindelia  squarrosa 

Taraxacum  officinale 

Lolium  perenne 

Zigadenus  venenosus  var.  gramineus 

Rumex  sp. 

Physaria  floribunda 

Townsendia  hookeri,  Townsendia  incana 

Eriogonum  flexum 

Calylophus  hartwegii  ssp.  lavandulifolius 

Oenothera  trichocalyx,  Oenothera  sp. 

Mentzelia  rusbyi,  Mentzelia  sp. 

Androsace  septentrionalis 


Agoseris  glauca 

Camelina  microcarpa 

Onosmodium  molle  var.  occidentalis 

Smilacina  stellata 

Epilobium  sp. 

Hordeum  jubatum 

Aster  glaucodes 

Tragopogon  dubius 

Heterotheca  villosa 

Senecio  multilobatus 

Solidago  sparsiflora 

Corydalis  aurea 

Haplopappus  nuttallii 

Chenopodium  fremontii,  Chenopodium  sp. 

Elymus  cinereus 

Artemisia  dracunculus  ssp.  glauca 

Oenothera  caespitosa 

Equisetum  arvense 
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Tabl e  Vl-lla    ALPHABETICAL  LISTING  OF  COMMON  NAMES 
OF  THE  FLORA  OF  TRACT  C-b 
(Continued) 


Common  Name 


Scientific  Name 


Horseweed 

Indian  paintbrush 
**  Indian  ricegrass 

Japanese  brome 

Junegrass 

Kentrophyta  milk  vetch 

Kentucky  bluegrass 

Larkspur 

Little  ricegrass 

Long-leaved  phlox 

Lupine 

Malcolmia 

Mariposa  lily 

Marsh  elder 

Meadow  goldenrod 

Miner's  candle 

Moss  phlox 

Mountain  peppergrass 

Much-branched  gayophytum 

Mutton  grass 

Needle-and-thread  grass 

Nodding  brome 

Nodding  eriogonum 

Nuttail's  sunflower 

Orchard  grass 

Pasque  flower 

Pasture  sage 

Peppergrass 
**  Phacelia 

Pigweed 

Prairie  bulrush 

Prickly  lettuce 


Conyza  canadensis 

Castilleja  chromosa,  Castilleja  linariaefolia 

Oryzopsis  hymenoides 

Bromus  japonicus 

Koeleria  gracilis 

Astragalus  kentrophyta 

Poa  pratensis 

Delphinium  nelsoni 

Oryzopsis  micrantha 

Phlox  longifolia 

Lupinus  argenteus,  Lupinus  sp. 

Malcolmia  africana 

Calochortus  gunnisoni,  Calochortus  nuttallii 

Iva  xanthifolia 

Solidago  canadensis 

Cryptantha  sp. 

Phlox  hoodii 

Lepidium  montanum 

Gayophytum  ramosissimum 

Poa  fendleriana 


Stipa  comata 
Bromus  porteri 
Eriogonum  cernuum 
Helianthus  nuttallii 
Dactylis  glomerata 
Pulsatilla  patens  ssp.  multifida 
Artemisia  frigida 
Lepidium  perfoliatum 
Phacelia  idahoensis 


Amaranth  us  retroflexus 
Scirpus  paludosus 
Lactuca  serriola 
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Table  Vl-lla 


ALPHABETICAL  LISTING  OF  COMMON  NAMES 
OF  THE  FLORA  OF  TRACT  C-b 
(Continued) 


Common  Name 


Scientific  Name 


Puccoon 
Pussy  toes 
Rabbit 's-foot  grass 
Ragweed 
Ragwort 
Red  top 
Rock,  cress 
Russian  thistle 
Sagewort 
Sand  dropseed 
**  Scarlet  gilia 

Scarlet  globe  mallow 
Scouring  rush 
Seaside  arrowgrass 
Sheep  fescue 
Shore  buttercup 
Short-rayed  alkali  aster 
Showy  milkweed 
Skeletonweed 
Slender  wheatgrass 
Sloughgrass 
Smooth  brome 
Sow  thistle 
Speedwell 
Spreading  dogbane 
Spurge 

Squirreltail  grass 
Stickseed 
Stinging  nettle 
Sugarbowls 
Sulphur  flower 
Sweet  vetch 
Tansy  mustard 


Lithospermum  sp. 

Antennaria  rosea,  Antennaria  parvifolia 
Polypogon  mouspelliensis 
Ambrosia  artemisiifolia 


Senecio  eremophilus  var.  kingii 
Agrostis  gigantea 
Arabis  holboellii 
Salsola  iberica 
Artemisia  ludoviciana 


Sporobolus  cryptandrus 

Ipomopsis  aggretata 

Sphaeralcea  coccinea 

Equisetum  hyemale,  Equisetum  laevigatum 

Triglochin  maritima 

Festuca  brachyphylla 

Ranunculus  cymbalaria 

Brachyactis  frondosa 

Asclepias  speciosa 

Lygodesmia  grandiflora 

Agropyron  trachycaulum 

Beckmannia  syzigachne 


Bromus  inermis 

Sonchus  arvensis 

Veronica  salina 

Apocynum  androsaemifolium 

Chamaesyce  sp.,  Euphorbia  robusta 

Sitanion  longifolium 

Lappula  redowskii 

Urtica  dioica 


Clematis  hirsutissima 
Eriogonum  umbellatum 
Hedysarum  boreale 
Descurainia  pinnata 
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Tabl  e  V I  -1  la    ALPHABETICAL  LISTING  OF  COMMON  NAMES 
OF  THE  FLORA  OF  TRACT  C-b 
(Continued) 


" 


Common  Name 


Scientific  Name 


Tassel-flower  brickellbrush 

Thistle 

Timothy 

Tule 

Tumble  mustard 

Twistflower 

Umbrellawort 

Utah  daisy  fleabane 

Watercress 

Western  wheatgrass 

White  pigweed 

White  sweet  clover 

Wild  flax 

Wild  licorice 

Winged  eriogonum 

Wing-fruited  sand  verbena 

Yarrow 

Yellow  evening  primrose 

Yellow  sweet  clover 

Yucca 


Brickellia  grandiflora 


Cirsium  sp. 


Phleum  pratense 


Scirpus  lacustris  ssp.  validus 
Sisymbrium  altissimum 
Streptanthus  cordatus 
Oxybaphus  linearis 
Erigeron  utahensis 
Rorippa  nasturtium-aquaticum 
Agropyron  smithii 
Amaranth  us  albus 
Melilotus  alba 


r 


Linum  lewisii 
Glycyrrhiza  lepidota 
Eriogonum  alatum 
Tripterocalyx  micranthus 


Achillea  lanulosa 
Oenothera  strigosa 
Melilotus  officinalis 
Yucca  glauca 


*  Studies  have  shown  this  plant  to  be  sensitive  to  fluorides,  but  at  dosage 
rates  greater  than  the  maximum  expected  from  C-b  emissions. 

**  Same  as  above  with  respect  to  sulfur  dioxide. 


r 
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have  an   average  CEC  greater  than   30  meq/100  gm  and   an  average  calcium  concen- 
tration greater  than  4,000  ppm,  placing  then  clearly  in  the  non-sensitive 
class.     No  effects  are  expected  in  the  maximum  expected  concentration  areas 
since  the  soils   are  non-sensitive.     At  greater  distances,  concentrations  de- 
crease and  therefore  no   impact  will   be  discernible  at  greater  distances   from 
the  tract.     In  general,   acid  rain   is  not  considered  a  problem  with   semi -arid 
western  soils. 

Table  Vl-llb 

Maximum  expected  off-tract  concentrations  for  pollutants 

that  are  expected  to  exceed  de  minimus  levels 


Pollutant 

S02 

TSP 

N02 
Particulate  F 

Particulate  As 


Averaging 
Time 

24  hours 
Annual 
24  hours 
Annual 
Annual 
24  hours 
Annual 
24  hours 
Annual 


Concentrations 
ug/m^~ 

73 
16 
27 

7 
63 

0.87 

0.23 

0.014 

0.004 


PPm 

0.035* 
0.007** 


0.04** 


*  Converted  from  ug/m3  at   288°K  and   789  mb 
**  Converted  from  ug/m3  at  274°K  and   782  mb 


2.3.2     Effects  on  Vegetation  and  Wildlife 

The  available   literature  on  environmental   effects  of  air 
pollutants  on  native  vegetation  and  wildlife   is  very  limited   since  most 
effects  research  has  been  done  on  agronomic  crops,  livestock,   and  ornamental 
plants   as  noted   in  the  U.S.   Fish  and  Wildlife  Service  publication  entitled   Im- 
pacts of  Coal-Fired  Power  Plants  on  Fish,  Wildlife,  and  their  Habitats  (Dvorak 
et_  al_.  1978).     Review  of  the  National    Park  Service  (NPS)   Bibliography  of  Air 
Quality  Effects  on  Natural   Ecosystems  (Howard  e_t  _a_U   unpublished)   identified 
documents  that   are  pertinent  to  the  effects  of   low  concentrations  or  air  pol- 
lution on  the  semi   arid  ecosystems  of  this   region.     These   included  the  paper 
by  Hill,  et_  al_  (1974)  and  the  State  of  Montana  Air   Quality  Standards  Environ- 
mental   Impact  Statement   (1979).     The  EPA  Air   Quality  Criteria  for  Particulate 
Matter  and  Sulfur  Oxides    in  External   Review  Draft  status    includes  reference  to 
these  documents  and  summarizes  the  world  literature  on  the  effects  of  sulfur 
oxides  and  particulates  on  natural   vegetation.     Although  these  documents 
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identify  certain  species   as   sensitive  or  very  sensitive,  the  effects  of  SO2  f 

and  particulates  on  species  of  this  region  are  expressed  only  at  concentra- 
tions much  greater  than  those  shown  in  Table   Vl-llb. 

Sulfur  Dioxide     A  comprehensive  study  on  the  SO2  sus- 
ceptibility of  many  species  that  are  also  present  on  or  near  the  tract  was 
initiated  by  Hill    and  others   (1974)    in  response  to  the   lack  of  available 
literature  on  the  effects  of  SO2  exposure  at   low  concentrations.     The 
investigators   subjected  the  vegetation  of  many  different  plant  communities   to 
SO2  concentrations   as   low  as   0.5  ppm.     The  study  determined  that  nearly  all 
of  the  87  species  fumigated  were  unaffected  by  short   term  exposures   less  than 
2  ppm   (about   5,300  ug/m^  at  20°C  and   1  atm). 

The  State  of  Montana  prepared  an  environmental    impact 
statement  (Montana,   1979)  during  a  study  of  the  Montana  air  quality  standards. 
The  document   summarized  the  available   literature  on  SO2  effects   as  concen- 
trations below  0.5  ppm.     There  were  no  studies  reported  that  were  not   also 
summarized   in  the  EPA  Draft  Criteria  Document. 

Indian  ricegrass   (Oryzopsis  hymenoides  R&S   Ricker)   is 
categorized   as  very  sensitive  (Hill   et_  a]_  1974  and  Montana  1979),   although  /— 

Ferenbaugh  (1978)  has   shown  that  deleterious   effects  occur  only  at   long  term 
concentrations  greater  than   0.13  ppm   (about   350  ug/m^  at  20°C  fand   1  atm). 
It  should  be  noted  that  this  concentration  far  exceeds  anticipated   levels  from 
C-b  emissions   as   shown   in  Table  Vl-llb. 

A  recent  study  by  Thompson  et_  al_  (1980)   investigated  the 
effects  of  SO2  and/or  NO2  on  several   species  of  native  desert   plants.     Low 
concentrations  of  SO2  (0.2  ppm),   NO2  (0.11  ppm), or  SO2  and   NO2  com- 
bined  (0.1  ppm  NO2  and   0.22  ppm  SO2)  produced  no  significant  difference 
(       =  0.05)  between  growth  or  dry  weight  of  exposed  plants  and  controls  that 
were  subject  to  clean  filtered  air.     The  concentrations   used  were  much  greater 
than  the  maximum  expected  concentrations  resulting  from  C-b  emissions   as  shown 
in  Table  Vl-llb. 

Lichens   and  bryophytes   (mosses   and   liverworts)   are  shown 
to  be  sensitive  to  air  pollution.     Studies  of  the   sensitivity  of  lichens   and 
bryophytes  have  shown  that  the  fol iose  and  fruticose  types   are  more  sensitive 
to  air  pollution  than  crustose  lichens.     Lichens    in  the  C-b  vicinity  are 
crustose  types . 

Data  on  the  effects  of  sulfur  dioxide  on  animals  are 
general  ly  derived  from  laboratory  studies  and  clear-cut  threshold   levels  for 
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injury  or  death  are  not   available  (Dvorak  e_t  _al_,   1978).     Newman  (1980)  sum- 
marized the  known  effects  on  wildlife  and  no  studies  on  the  effects  of  low 
SO2  concentrations  were  reported.     Effects  of  SO2  on  vegetation  are  not 
expected,   therefore  any  secondary  effect  on  wildlife  through  forage  consump- 
tion will   not  occur. 

Emissions  of  SO2  from  C-b  operations   are  not  expected 
to  produce  effects   in  vegetation,   lower  plants,  or  animals   in  the  vicinity  of 
the  Tract. 

Nitrogen  Dioxide     The  concentrations  of  NO2  required 
to  produce  acute   injury  in  vegetation  are  much  greater  than  SO2  concentra- 
tions (Heck  and  Brandt,   1977).     The  pertinent  study  by  Hill   et_  al_  (1974)   in- 
cluded fumigations  of  NO2  from  0.1  to   5  ppm,   along  with  the  SO2  exposures. 
No  evidence  of  synergistic  effects  at  these  ratios  was  detected.     The  research 
by  Thompson  et  aj_  (1980)  determined  no  significant   synergistic  effects   at   low 
concentrations  of  SO2  and  NO2  combined.     The  maximum  expected  annual 
average  NO2  concentration   is  only  4  percent  of  the   lowest  exposure  level 
used   in  this  study.     The'EPA  Air  Quality  Criteria  for  Oxides  of  Nitrogen  (Ex- 
ternal  Review  Draft   1978)  provides  threshold  curves  of  the  effects  of  nitrogen 
dioxide.     Concentrations  expected  from  C-b  emissions  are  far   less  than  the 
threshold  data  discussed.     The  criteria  document  contains  no  reference  to 
effects  of  the   low  concentrations  on  species  present   in  the  C-b  vicinity.     No 
research  results  on  the  effects  of  low  NO2  concentrations  were  reported   in 
the  summary  document  by  Newman  (1980)  concerning  the  effects  on  wildlife.     No 
effects  on  vegetation  or  wildlife  are  expected  from  NO2  emissions  from  the 
C-b  operations. 

Particulate  Matter     Research  on  the  effects  of  particu- 
late matter  on  vegetation  has  been  done  on  the  emissions  from  cement  kilns, 
soot,  and  coal   dust  (Montana  1979).     Studies  reported  were  typically  on 
massive  concentrations  not  experienced   in  rural    areas.     The  available   informa- 
tion on  the  effects  of  low  concentration  of  particulate  matter  on  the  vegeta- 
tion of  semi  arid  climates   is  virtually  non-existent.     From  the  results  of  all 
previous  research,  we  can  conclude  that  vegetation  or  animals  will   not  be 
affected  by  the   low  concentrations  of  particulate  matter  anticipated  from  the 
operation  of  the  C-b  facility. 

Other  Pollutants     Table   VI- lib  show  the  maximum  expected 
ground   level   concentrations  of  arsenic  and  fluoride,   the  two  remaining  pol- 
lutants for  which  de  minimus   limits  are  anticipated  to  be  exceeded. 
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Impact  of  these  elements  on  vegetation   is   usually 
through  gaseous   absorption  by  leaves  or  root  uptake  from  soils.     No  gaseous 
emissions  of  these  substances   are  expected,   and  particulate  forms  will   be  de- 
posited on  the  soil    surface  for  the  most  part.     The  calcareous,   high  pH  soils 
of  the  region  have  large  cation  exchange  capacities   and   soils  with  these  char- 
acteristics can  fix   large  quantities  of  trace  elements   and  retain  them   in  an 
unavailable  form  (Dvorak  e_t  _al_,   1978).     Heck  and  Brandt  (1977)  and  the  Nation- 
al  Academy  of  Sciences   (1971)  reported  McCune's   (1969)  technique  of  deriving 
injury  threshold  values   for  effects  from  atmospheric  fluoride.     Values   shown 
in  Table   II-llb   are  below  the  threshold  values.     The  Montana  (1979)  study  re- 
ported that  the  particulate  fluoride  form  is    less  damaging  than  the  gaseous 
flouride  for  which  the  threshold  values  were  derived 

The  effects  of  fluoride  on  mammals   is   primarily  through 
ingestion  of  gaseous  fluoride  that   accumulates    in  forage.      Particulate  fluor- 
ide is   unable  to  penetrate   leaf  tissues,  therefore  the  amounts   ingested  would 
be  negligible,   and  the  particulate  fluoride  emitted   is   in  a  form  that   is  poor- 
ly absorbed  by  animals  (Coffin  &  Stokinger,   1977). 

The  effects  of  fluoride  on  the  soils,  vegetation,   and 
animals  will    not  be  discernible  at  the   low  dosages  expected  from  C-b  emis- 
sions. 

Arsenic  deposited  to  the  soil    surface  tends  to  be  re- 
tained   in  the  surface   layer  or   leached  slowly,  when   in  solution.     Lime   in 
soils  may  aid   in  maintaining  the  available  arsenic  below  toxic   levels,   accord- 
ing to  Dvorak  and  others  (1978).     Lime  content  of  the  soils   in  the  C-b  vicin- 
ity is  generally  high  (greater  than   5  percent)   as  discussed   in  Appendix  8B. 
Translocation  to  plant  foliage,  is   limited  by  growth  effects  of  arsenic  at 
toxic   levels,  and  arsenic  compounds  do  not  accumulate   in  mammals  (Dvorak 
et_  a_l ,  1978).     The  effects  of  arsenic  compounds  on  the  soils,  vegetation,   and 
wildlife  due  to  the   low  concentrations  expected  from  C-b  emissions  will   not 
occur. 

2.4     Summary 

In   summary,   pollutants  that   are  subject  to  de  minimus  analysis 
will   not  produce  discernible  effects  on  the  vegetation,   wildlife,  or  soils   in 
the  vicinity  of  the  C-b  Tract   in  the  areas  of  expected  concentration  maxima. 
Concentrations  decrease  concomitantly  with  distance  from  the  Tract,  therefore, 
no  discernible  effects  are  expected  at  distances  beyond  the  areas   of  concen- 
tration maxima. 
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3.0  Visibility  Impact  Analysis 

3.1   Identification  of  Worst  Case  Conditions 

The  only  Class  I  area  in  the  region  with  the  potential  for  impact 
is  the  Flat  Tops  Wilderness  Area  administered  by  the  U.S.  Forest  Service.  Inte- 
gral vistas  from  the  Flat  Tops  have  not  been  identified  by  either  the  U.S.  Forest 
Service  or  the  State  of  Colorado.  The  closest  point  on  the  Wilderness  area  boun- 
dary is  56  km  from  the  C-b  facility,  on  an  azimuth  84°  from  north.  Limits  of  the 
boundary  are  from  azimuths  66°  to  97  from  north,  and  therefore  winds  from  only 
two  sectors,  W  and  WSW,  have  the  potential  to  impact  the  wilderness  area.  We  have 
not  incorporated  the  effects  of  complex  terrain  on  plume  dispersion  for  the  visi- 
bility analysis,  to  incorporate  conservative  estimates  of  impacts  worse  than  ex- 
pected in  reality. 

Worst  case  meteorological  conditions  are  shown  in  Table  VI-12,  and 
are  the  W  and  WSW  cases  identified  as  worst  cases  in  Section  V  of  this  application. 
Note  that  cases  one,  two,  three,  five  and  six  do  not  have  the  persistence  required 
to  allow  transport  as  far  as  56  km,  the  distance  to  Flat  Tops.  These  frequencies 
in  percent  are  from  the  two  year  baseline  meteorological  data  as  indicated.  The 
cumulative  frequency  of  all  W  and  WSW  worst  dispersion  cases  is  only  0.031%.  Only 
about  0.22  days  would  have  worse  conditions.  The  suggested  one  day  per  year  fre- 
quency would  require  using  unstable  cases  (Category  C)  that  would  have  sufficient 
dispersion  to  preclude  visibility  impacts.  Case  nine  was  chosen  for  analysis. 

Worst  case  conditions  for  general  haze  did  not  require  analysis, 
since  the  level  of  analysis  gave  a  value  for  |CJ  less  than  0.1,  as  follows: 

Aerosol  =  (1-06  x  10"5>(rv  ><Qpart  ♦  1.31QS0  )  (p-4)* 

0   r  z 

=  (1.06  x  10"5)(170)[(170)+  (1.31)(20.4)] 

=  0.062 

and 

C3=  0.368  [1  -exp(-Taerosol)]  (p-7) 

=  0.368  [1  -  exp(-0.062)] 
=  0.022 
|CJ  =  0.022,  less  than  the  0.1  threshold. 

*Equation  numbers  are  from  Latimer  &  Ireson  (1980)  DRAFT  WORKBOOK  FOR  ESTIMATING 
VISIBILITY  IMPAIRMENT. 
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TABLE  VI-12 

Worst  Case  Meteorology  for  Visibility  Analysis 
November  1974  -  October  1976  Baseline 


Case 
No. 

Stability 
Category 

Wind 

Tra 

nsport 

Dispersion 
Parameter 

Percent 

Dir. 

Spd(m/sec) 

Time 

Distance 

Frequency 

Cum  Freq 

azu 

1 

F 

W 

1.0 

2 

7* 

80 

- 

0.0 

2 

F 

W 

1.1 

2 

8* 

88 

- 

0.0 

3 

E 

w 

1.5 

4 

22* 

225 

- 

0.0 

4 

E 

w 

2.1 

10 

76 

315 

0.014 

0.014 

5 

E 

w 

2.7 

5 

49* 

405 

- 

6 

D 

w 

4.5 

3 

.      49* 

1575 

- 

7 

D 

wsw 

6.8 

3 

73 

2380 

0.004 

0.018 

8 

D 

wsw 

8.0 

5 

144 

2800 

0.007 

0.025 

9 

D 

w 

8.2 

4 

118 

2870 

0.006 

0.031 

Less  than  56  km,  the  distance  to  Flat  Tops  Wilderness  Area 
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where 


t     ,  =  optical  thickness  of  a  plume,  the  line  of  sight  integral 
of  the  extinction  coefficient  for  aerosol, 


r   =  background  visual  range, 
vo 

Q   t  =  particulate  emission  rate,  and 

Q_0  =  sulfur  dioxide  emission  rate. 

Background  ozone  concentrations  were  obtained  from  Figure  20  of  the  workbook  for 
January,  which  was  the  month  in  which  case  nine  occurred.  We  used  the  maximum  of 
40  ppb. 

The  background  visual  range  of  170  km  was  obtained  from  Figure  13 
of  the  workbook.  The  extinction  coefficient,  b  .,  at  0.55  micrometers  calculated 
from  this  visual  range  is: 

bext  "  W  "  °-023  ("-25) 

Since  no  specific  targets  have  been  identified,  horizontal  lines  of  sight  are  not 
known  and  a  range  of  scattering  angles  was  used  as  recommended. 

The  NO  concentration  expected  was  calculated,  assuming  neutral 

A 

stability  indicated  by  the  worst  case  used,  as  follows: 

[NO  1   =  6,17Qn°x  =       (6-")(8.2)         .  0.003  (p.18) 

x  czu  x         (350)(812)(56) 

h  =  0.1[N0x]   +   [03] 

=  0.1(0.003)  +  0.04  =  0.040 


h,   if   [N0X]   >h  (p.19) 

I  [NO  ]   otherwise 

[N0-]   =  0.003,   h  =  0.040;  therefore   [N02]   =  0.003. 


where: 


[NO  ]  =  NO  concentration 

X  A 

QN0  =  oxides  of  nitrogen  emission  rate 

a  =  vertical  standard  deviation  of  plume  concentration 

u  =  wind  speed 

x  =  downwind  distance 

[0-]  =  ozone  concentration 

[N0-]  =  nitrogen  dioxide  concentration 
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3.2  Calculating  Worst  Case  Visual  Impacts 

The  plume  flux  of  the  scattering  coefficient  is  given  by: 


1160  Q     (bscat/V) 
<sc.tp.rt  =  **? ^12> 

n  _   (1160)(7.62)(0.004)     _1414 

wscat  part     "  2.5  ,4*14 


where: 

Qo^,+  „*„*■     =  plume  flux  of  the  scattering  coefficient 
scat  part 

.   ....    =  scattering  coefficient  per  aerosol  volume,  the  light 
scattering  efficiency  per  unit  aerosol  volume  con- 
centration, and 

p  =  particle  density. 

The  value  for  bscat/V  was  obtained  from  Figure  24  of  the  Workbook,  assuming  a 

standard  deviation  of  particle  diameter  (p  )  of  2  micrometers,  and  a  particle 

-3  9 

density  of  2.5  gn  cm  . 

We  anticipate  NO  mass  emission  rates  to  be  greater  than  five  times  the  particulate 
emissions  rate,  therefore  we  used  reference  tables  for  N0«  impacts  as  recommended. 

^scat  part 
Tpart  "  fat*   azu 


14.14 


(27r)J'2(350)(0.2) 


=  0.002 


where 


.  =  optical  thickness,  the  line  of  sight  integral  of  the 
extinction  coefficient  due  to  particulate  matter. 


Approximate  visual  range  is  given  by: 


where: 


r  =  r   (1  -  x   ./3.912)  (p-35) 

v    v0  x     part     '  vr 

=  170(1  -  0.002/3.912)  • 

=  169.9   -  170 


ry  =  visual  range,  and 

r   =  background  visual  range, 
o 

VI-22 


Calculating  the  integral  plume  NCL  for  angles  of  22,  30,  45,  60,  90,  135  and 
f      150  degrees,  from: 

[N02]dr  =  (7"49  X  1°n5M56»0-003)  (p-36) 

plume 

a    22      30      45      60      90       135      150 

/  ,      3.4E5   2.5E5   1.8E5   1.5E5   1.3E5    1.8E5    2.5E5 
plume 

r     30     22      16      13      11       16      22 

P 

where: 

*  =  angle  between  line  of  sight  and  plume  centerline,  and 
r  =  plume  -  observer  distance  given  by: 

r  =  (0.199)(x)/sin  a;  x  is  the  downwind  distance. 

For  a  =  30°,  r  =  22,  we  use  the  table  in  the  Workbook  Appendix 'for  150  km 
(more  conservative  than  170)  and  r  =  20.  We  used  linear  interpolation  to 
get  the  appropriate  integral  of  plume  N0„  for  the  blue-red  ratio,  contrast, 
and  aE.  Similarly,  for  other  values  of  a,  Table  VI-13  was  constructed. 

Workbook  recommendations  are  that  if  the  blue-red  ratio  is  less 
£     than  0.90,  if  plume  contrast  is  less  than  -0.10,  or  if  aE  is  greater  than  4.0, 
impact  on  visibility  may  occur.  Table  VI-13  shows  that  all  blue-red  ratios  are 
greater  than  0.90,  all  contrast  values  are  greater  than  -0.10,  and  all  values 
of  aE  are  less  than  4.0.  The  probability  of  adverse  or  significant  impacts 
may  therefore  be  ruled  out,  even  under  the  conservative  assumptions  used. 
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TABLE  VI-13 

Values  of  Blue/Red  Ratio,     Plume  Contrast,  and  Color 
Difference  Parameter  (DELTA  E)   for  Different  Line  of 
Sight/Plume  Angles  <* 


a 

22 

30 

45 

60 

90 

135 

150 

B/R  Ratio 

0.953 

0.956 

0.919 

0.945 

0.937 

0.919 

0.956 

Contrast 

-0.024 

-0.024 

-0.020 

-0.017 

-0.017 

-0.020 

-0.024 

Delta  E 

2.311 

2.926 

2.767 

2.316 

2.535 

2.767 

2.926 
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ADIP  Di isopropylamine 
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C-b  Federal    Prototype  Oil  Shale  Lease  Tract  C-b 
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DDP  Detailed   Development  Plan 
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NSPS  New  Source  Performance  Standard 
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PSD  Prevention  of  Significant  Deterioration 

SPF  Surface  Process  Facility 

TDS  Total    Dissolved  Solids 

TOSCO  The  Oil  Shale  Company 

TSP  Total  Suspended   Particulate 

UOP  Universal   Oil    Products 

VOC  Volatile  Organic  Compound 
2.2     Units 

ACFD  (acfd)  Actual  Cubic  Feet  per  Day 

B/L  Battery  Limits 

BBL  (bbl)  Barrel    (oil   barrel   @  42  gal) 

BPCD  (B/CD)  Barrel s-per-calendar  day 
BPD  (bpd)    (B/D)         Barrel s-per -day 
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°C  Degree  Celsius 
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°F  Degree  Fahrenheit 
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gpt  Gal lons-Per-Ton 

~'gr  Grain 

hr  Hour 

km  Kilometer 

KV  Kilo-volt 

KW  Kilowatt 

KWA  Kilo  Watt  Hour 

lb  Pound 

m  Meter 

M  Thousand  or  Mole  (where  appropriate) 

meq  Milli  Equivalent 

mg  Milligram 
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MVA  Mega-Volt-Ampere 

ppb  Part-Per-Bil 1  ion 

PPH  Pounds-Per-Hour 

ppm   (PPM)  Part -Per -Mi  11  ion 

ppmv  Part-Per-Mil 1  ion   Volume 

psi  Pound-Per -Square   Inch 

psia  Pound-Per -Square  Inch  Absolute 

psig  Pound-Per -Square   Inch  Guage 

SCF  Standard  Cubic  Feet 

SCFD  (scfd)  Standard  Cubic  Feet  Per  Day  (1  atm,  60°F) 

T/D  (TPD)  Ton -Per -Day 

T/Y  (TPY)  Ton-Per-Year 

ug  Microgram 

vol  Volume 

wt  Weight 
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MSK  -  7   Crushing  &  Screening  Building  Dust  Control  System 
MSK  -  8   Crushing  &  Screening  Building  Dust  Control  System 
MSK  -  9   Conveyor  Transfer  Tower  Dust  Control  System 
MSK  -  10  Typical  Insertable  Baghouse  Installation 
MSK  -  11  Spent  Handling  &  Disposal  Area  Dust  Control  System 
MSK  -  12  Water  Dust  Suppression  System,  Raw  Stockpiles,  Screening  Areas  & 

Conveyor  Transfer  Tower 
MSK  -  13  Material  Balance  -  Solid  Material  Handling 
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APPENDIX  2.0 


Performance  Data  Sheets 


APPENDIX  2.0 
PERFORMANCE  DATA  SHEETS 
TABLE  OF  CONTENTS 
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Sheet  No. 

1 

3 

5 

8 
11 
14 
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21 
23 
25 
27 
29 


G-414 
REV.  11/62 


M±Am  3-Jg-gl 


Drs*vo 


PlTTItURQM.    PCMNSYLVAHlA 


gEV.    2    ;         MJlSj 


ENGINEERING  COMPUTATIONS 


J?ey,  1  -    9-15-90 


EST   NO. 

CONT  NO.  M   7*^4.5 
DIVISION    Q&wjv/&g. 


COMPANY      OCCID&MTAL      OlL    SvHALEf     Ik4C. 

LOCATION     ElO    bLA,UCO    COUMTV,     CoLOQADO 
DESCRIPTION   Alg   PQI-UUTtOM   EMISSION     3oOt2CE  -    - 


date  Ju^e  1.   i960 
dr    Evg.     ch    1-P4 


REF 


7/j? 


1.0  Ate  Pqllutiqkj  Data 

EMISSION    Poimt:         S         (&T-C   Dr-avo    DrsA/g.  UQ    EM-iOl    EgV;  fr) 
EMISSION    •SOQgcg-:   CopN/gyor    VJ2  I  j  1A  Tr-~a.n::-r<Zr    Point  w 
P20POSED    COKJT20L   ^ySTfcM'.     i'o*gfT'&blg    baghputg  t 

Pollutant*.    £a.w  ~Sh3tk?,    Point  Source   Put: 

UNCONTROLLED     EMISSION:         2./Q  TPD  H5S.Q.  TPV 

COMTEOLLED    gMlSSlOKl:aQ/05/Q.3l5^TPD  .3.67/110.3-  #  TPV    (g) 
<S\5-OMET£Y;        "TYPE-       I^nt 


^9S_% 


EMISSION     POINT 

CYy3gp.Nlft3fll3.4'2j  &1Z*6  122.21 


ETLEV.  6945'-Q    A.5.L. 


20  DAgjHOUSE-    DUST    COLLSCTOS    TjMF-QtZrvlATION 
?.|    P2QCESS    D£5C2iPTiQM    DATA 


C=vAS    FLOWCATE-'. 

<S|AS    PLOWTEMPEEATUE6" 

Inlet  dust  coMCEwTeATioM* 

OUTLET    DUST    CONCEMTtZATlOW 
PEC  CEKT     MOlSTUt^E : 


4  OOP 


e\os 


no 


IS^L 


Q3£ 


ACFM 
op 

Lb/  WE. 
#  8v  WT. 


(..92- 


SCFM 


2.*2  &QUIPMENT      DSSCgiPTlQN    AHp   QgSlgM     INFOGMATIOKJ    DATA 

DUST  COLLECTION    FtLTE-g.  OMIT-  OU=  unit  /^t  Comv.  1  <£  CoMv.lA  (Total  Two  Omit;) 
N/1A^&»:  QCEVo^gsC^uAMATic"lo,5grfcbig*Pil4gr(3)  MQP&l:       OLM  -  V^Q  TVPjg  g © 


^13E'. 


I/O 


LSWG>TH   OP   fcASS: 


KJOMbEE   OF   OASS«_ 

WlOTH  OF   fbASS'' 


~o 


^9,5 


IN. 


ft'  FiLrree  aeea 
333      pt. 
AlE.  TO  CLOTH  EATIO*.  7-^9M    ^CTM /-fl2 
METHOD  OF   b£<Ei   CLEAU  '    ku-KZrz<?  pulrg 

.     j'el   4yag     Cioo  pT»<sj 

OYE2ALL  COLLECTION  EFFlClCNCY' _i9L5*%  FEEQU&idCY^OF    CLeA^l^S"     AS   nggj'ci, 

INQUCED     DgAFT    FAN,   DUST   COLLECTOR 


DESIGN  TcMP£CATUe£r 

of    cloth  :  CpolyesWr)    215  op 

P1ZE  -SSUESr    020  P : 3  *       v  v^  # 


IVlA££r 

'SlZ&t    

CAPACITY: 
TVPfc-  '• 


"Dee  Vokes 


J) 


Ink 


-fl 


MOD£rL    Injgdrgj    u-nth   4Hjcr  ur..r 
"5  PEED    


^gQO    T^PM 


2QOQ    ACFM   (EA-U^T.) 
C<zn4n-iuo'G»'. 


STATIC  PE£*SSU£Jr 


S"w.<?i.   - 


M0TO2.  "SIZE:  "?'*3  (SA.uiQiTj   p,up 

Note>;L:(7)    PlAkJT     PnoC'JC+iCtJ*  117,^75    &PD  -Vt3.C  Oii;   ^/,730TP'~'   roc'-. 


chemical    -scra.y   al    65^  eCCtciancy. 
or-    Equivalent- 


SHEET  NO. 


DATA  SHEET  359 


>>  H 


Dalamatic  Insertable  Filter 
Series  DLM-V,  type  F 


18'' — » — -   - — « 

(on  side  on  which 
controller  is  mounted) 


Compressed  air  inlet  (\'  NPT) 
Dalamatic  controller  - 


(may  be  mounted  on  either  side) 


3333J^5JJJ85Z83S3J5B5J£ 


'Nominal  clearances  for  maintenance  where 
space  is  restricted  consult  DCE  VOKES  Inc. 


W% 


«*  o 


seating  level 


miss&  mmsm 


dsdt 


SHORT  elements 


LONG  elements 


FRONT  ELEVATION  SIDE  ELEVATION 

Size  DLM-V7F  illustrated,  broken  lines  representing  DLM-V10F 


MODEL 

Fan 

Motor 
h.p. 

A 

Bt 

c 

DIMENSIONS 
(Tolerance  ±}'  on  main  dimensions) 

ds          dL           E            •            F 

f 

9* 

h 

Approx. 

net. 
weight 

DLM-V4F 

1 

23J* 

31J* 

26J' 

231' 

- 

20}' 

19' 

23}* 

18}' 

tr 

121* 

3201b 

DLM-V6F 

1 

231* 

nr . 

2-er 

- 

331' 

201' 

19' 

23}' 

181* 

4'n* 

12}* 

3601b 

DLM-V7F 

2 

37}* 

32r 

2  91* 

231* 

- 

20}' 

19' 

33}* 

281* 

ST 

12}' 

6201b 

DLM-V10F 

2 

37** 

32'' 

291' 

- 

33J* 

2or 

19' 

33}* 

2  81* 

411* 

12}* 

6701b 

DLM-V12F 

4 

23J* 

nr 

21V 

- 

3'3J* 

36}' 

33J- 

23}' 

181* 

4'11* 

22]' 

6601b 

DLM-V14F 

4 

37K 

-nr 

211' 

2'31* 

- 

36}* 

331* 

33}* 

28J* 

37* 

221' 

8601b 

^DLMV20F 

6) 

37J' 

sir 

3*1* 

- 

331' 

36J- 

33}* 

33}' 

28J' 

411* 

221' 

9601b 

•f  This  dimension  is  approximate  and  is  dependent  upon  make  of  motor 


Aperture  and  mounting  details 

The  Dalamatic  Filter  is  designed  to  metric  standards 

Ail  boh  holes  are  11  mm  dia.  {&')  for  10mm  ('")  bolts  with  hole  centres  at  150mm  (5fl*)  pitch, 

and  are  symmetrical  about  canter  lines  as  shown  above 


SHEET*  2. 


Esv>3-  3-13- gi 


G-414 
EV.  11/62 


Dr-svo 


»lTT|iU»(jN      »(NNSTLV»HI» 


Rev.    -2  -    l-iq  -3[ 


Rgy,  i  -  ^-is-ao 


ENGINEERING  COMPUTATIONS 


COMPANY      QCOOEMTAL      Oil-    SHALE,     TkJC 


LOCATION     E»Q    OLAlNCQ    COUMTV.     CoLOQADO 
DESCRIPTION    A\g    PQl-L-UTtOM   ErMlSSlOM     SOUQCE      "    L 


EST   NO 

CONT  NO.  M  lcb>45 
division  o&uv&e. 


DATE  Ju^lg-  C,   i9eO 
PR   fS  ^'       CH     LP& 
REF ^/^ 


l.Q  Aig  Pqllutiqkj  Data 


EmiSSIOW    PQiklT;     4  (gel.    Or^p    Drwg,  U°    BM-iOl    Rev ,  C  ) 


£  MISSION    ^QQ2C&:    Coovgyqr    MS  g,  |  2A  Tr3^5-£cr-   pqirvb. 

Pt2oPoseo  comtbol  ^Ys"r&M:  Inrgr^ ^^^   fo&ffinooccr         &PFr    99-5% 
PollUta>jti   Paw  *^h3.|g;   Poml  "Sourcg  "Que 7 

UNCOMTROLLEO    E-MlSSlOKJ'.       1.53' TPO  385/5  TPV 


COMTC20L.L.ED    gK/tSSlQKl:Q.Ol26/,'o,g^^-rPD  4,^3/f33.c3  -Sfc    tpv    (J) 

EMISSION    POINT     <SieOMeTI2V'.        -tvPE-    pomr 

ron2P.M  183  ST2. 38;, fr  1236 >41.43        eL£V. 


^o^'-oau, 


20  &A<SjMOUS£r     DUST    COLL&CTQB    IMPQEMATION 
2.J    P2QCB3S    De5C2tPTiQu    DATA 


<=»AS    FLOWCATE-: 

CIA'S    PLOW  TEMPEEATUEfi" 

Inlet  dust  coMCEMTeATioM*. 

OUTLET    DUST    CONCEMTEATIOM'. 
PEC  CEKT     MOISTURE: : 


4000 


io 


Z1. 


A05- 


ACFM 
op 

Lb/ we 

Lfc/HE. 


5103 


3,10 


SCFM 
€E/SCF 


0.0415    <s;e/scF 


Kleoucrible  #  evwr. 
2.2  EQUIPMENT      DS'SCgtPTlON    AMp   P6S1SM     iNPQgMATiQM    DATA 

DUST  COLLECTIOM    PtLTS-e.  OMIT-  OkJG  oorr  ^T  Cb^/,2  £  Coto^.  2AC~o-rAuTwoU-oiT^ 
MAKE-:  QCE  Vo'<es  Dalmatic IoTgrTeblg  RlW ©  MQO&l:   OlM-v^q  -rvoe  P (E 


^210 


"SIZE  *• 

LEWC^TH   OP   fcASS: 


ft*  Piuree  aeea 
^.33  pr. 


KJOMfbEE   OF   OASS {  ^20___ 
WiOTM  OF  £>A<5S.'        jg^fg 


IKl. 


At£  TO  CLOTH  PATIO t ~f^''\    3CFM/4a 
METHOD  OF  £>£6i  CLEAU •  Qgwrsg  p"l«Sg 

OVERALL  COLLECTION  EFFICIENCY:  £15%  F2EQ0ENCY  OF    CLEANlW^  •-"  rgq'.cj. 

(Ad  !o~-rabl<?    Timng-  interval  •.  &  to^O-Vc  j 

Induced    DgAFT  Pan,  dust  collector 


DESKSJU  TEMPEGATUEEr- 

OF    CLOTH  :  (paWgt/rgr)     -' 

PEE  "SSUE&    020  P : 3  » 


~3     op 


N/lA£Er 

'SlZ&i    

CAPACITY: 
TYPfc- : 


DCE  Voker 


@      MOD&L    InleoVal  wilh  jjjjgr  Un'r 


"SPEED 


;6oo   £Pm 


2QOQ   flCFM  (&A,  qkjitJ       "STATIC   PJ2£*SSU2E 

CenVrirWal 


5"w.<?;.  t 


MOToa  'Size:  i.^  (SA.Ukji7)^uD 

Ncm=^-©   Pi-Amt.  Prodocrioo'.  U.7,275  bPD  "Shale?  Oil;   61,130  tpo   mccL. 

(?)  F^unz   w'i+h  3x\<Zr\z\£  0*)   apphc-    io  On    alter nOrC   of  u-'r^ 

cVxzrmcai    ~^s^y    a\   &%%     cC-fiCicn  cy , 
(D  Or  equiv^;cn:. 


SHEET  NO. 


r* 


Dalamatic  Insertable  Filter 
Series  DLM-V,  type  F 


DATA  SHEET  359 


"    "■"       '    -    "i  mi 


U433 


^   H 


r^ 


V4 


18"* » — «-    -— " 

/on  side  on  which 
controller  is  mounted) 


Compressed  air  inlet  (\'  NPT) 
Dalamatic  controller  - 


TTssssssssssssss 


Imey  be  mounted  on  either  side!  v* 


ii  ii  it  H  ii 

ii  ii  ii  ii  n 

ii  ii  ii  ii  H 

n  ii  ii  ii  H 

u  u  U  u  u 


II  II  II  II  II 

II  II  II  II  II 

II  II  II  II  II 

II  II  II  II  II 

U  U  U  U  u 


'Nominal  clearances  for  maintenance  where 
space  is  restricted  consult  DCE  VOKES  Inc. 


s< 


mw 


seating  level 
"S555555555555! 


dsdL 


FRONT  ELEVATION  SIDE  ELEVATION 

Size  0LM-V7F  illustrated,  broken  lines  representing  DLM-V10F 


SHORT  elements 


■  -  LONG  elements 


MODEL 

Fan 

Motor 

h.p. 

A 

Bt 

C 

DIMENSIONS 
(Tolerance  ± j'  on  main  dimensions) 

ds          dL          E            •            F 

f 

8* 

h 

Approx. 

net. 
weight 

DLMV4F 

1 

23}' 

3-ir 

26}' 

23}' 

- 

20}' 

19' 

23}* 

18}' 

3r 

12}* 

320  lb 

DLM  V6F 

1 

23}' 

3-ir . 

26J- 

- 

33}' 

20}' 

19* 

23}' 

18}' 

4'ir 

121* 

350  lb 

DLMV7F 

2 

37}' 

32r 

29}' 

2  3}' 

- 

20}' 

19' 

331* 

28}' 

37* 

12}* 

620  lb 

DLMV10F 

2 

37}' 

32r 

2  91' 

- 

33K 

20}' 

19' 

33}' 

28}' 

411' 

12}* 

670  lb 

DLM-V12F 

4 

23}" 

si  r 

211* 

- 

3'3}' 

3  6J* 

33}* 

23}* 

18}' 

411* 

22]' 

660  lb 

DLM- VI 4 F 

4 

37}' 

6ir 

2'  11* 

2'3}' 

- 

36}' 

33}' 

3'3J* 

28}' 

3T 

22J* 

860  lb 

p,  DLMV20F 

6} 

37}' 

sir 

3'V 

- 

33}' 

3  6}' 

33}* 

33J* 

28}' 

411' 

22]' 

960  lb 

-J-This  dimension  is  approximate  and  is  dependent  upon  make  of  motor 


**'— ir 


ror 


-»  +  +  -!  +  +  £J=4 

J-    I   II  HIT 

I  II  II  I  I 


14' 


20}*-3  6J'  --§— 


Aperture  and  mounting  details 
The  Dalamatic  Filter  is  designed  to  metric  standards 

All  bolt  holes  are  1 1  mm  dia.  (£*)  for  10mm  (J*  I  bolts  with  hole  centres  at  150mm  {Sff)  pitch, 
and  are  symmetrical  about  center  lines  as  shown  above 


SH«T4 


fey.   3-    Srll^jl 


Rev,   g.   t-n.gi       Rev, (-9-1^-80 


G-414 
?EV.  11/62 


Dra\^o 


MfTSiutOH     MNNJYLVANIA 


ENGINEERING  COMPUTATIONS 


EST   NO. 

CONT  NO.  M   1^>A5 
DIVISION    O&MV&g. 


COMPANY 
LOCATION 


QCClQEMTAL.     QlL.    SHALE,    TkJC. 


E»Q    OLA^KlCQ     COUMTV,     COLOQADO 
DESCRIPTION   A.lg   POt-UOTlOM   ES/MSSlOM     300I2C& 


DATE 
DR_kiK 
REF 


\.Q  A>g  Pol-l-Utiokj  Data 


G  Mission  "SQQgc^-:     "S+Siokirg  Tower, 


Load- in. 


peopcjsed  comteol  *SYSTfcMt     fc^ghrurg 


Pol-lotasMt*.    ^S^w  SiolCi    PcmoI  "Soorcg  Dull 

UMCOMTROLLEO     g-MtSSlOkl'.  1. 27-  TPD 

COWTEOL-L-ED   EMlSSiOKl:  0>0O&        TPD 

EMISSION    POlklT     ^eOMETBV;        TYPE-     l^bJQ-l 


EFF; 


iii?_% 


444.  g 
2..L 


__TPY 
_TPV 


COQ B P.  hliagJOOilQs  €- 123&  6o5. 67    ei  pv       £957'-  o   a.s.l. 


20  DA<5HC>US£r     PUST    COLLECTQB    IMFQEMATIOM 
2. |    P2QCE3S    DesceiPTiQM    DATA 

I2SOO 


<=vAS    FLOW  BATE-  •• 

<s|as  plowtempebatues" 
Inlet  dust  comcewteatiou* 
ootlet  dost   concemteatiom'. 
pec  cekt    m013tue.& : 


10 


ACFM 
°F 


l'Q'4-      Lb/  He. 


Q-562    L&/HE. 
Negligible      %  8v  wx 


Q£94-   _   SCFM 

'4  <se/^cF. 


o.-oc^a 


2.2  &QUIPMEMT      DE-SCeiPTlOM    AMQ    PSSlSM     fMFQgMATlOM    OATA 

Dust  cdulectiom  piltetQ.  omit 

n/ai^f-:  PneorDafil  ggwgr^-g  Air  Dusf  filler®  MODEL.:     8.5  •  )34  -6  Walk:  in  lypg  (2) 


-Size:  '38Q 

LEW^TH   OF   fcASS: 


Ft'  PiLrree  aeea 
SO  pt. 


NUMfbEE   OF   bA6S{  _ 
DIA»METEE  OF  £>A6S-'. 


154- 


4% 


Altt  TO  CLOTH  EATIO*.  7.02:  I  'SCPM  /£  l? 


method  of  bee*  cleau  i    ggvgr"sg 

2tir       l&^Q  crvi  (g?  Q  ■VqI2',W.£.J 


DESKSkl  TEMPEEATUEfc- 
OF     CLOTH 

PEEssuee  o2op: 


..  (polymer)     215 


IK4. 


OrCLE 


OVEEALL.  COLLECTION  EFFlClEKiCY:  2$_5%  FEEQOEiJCY  OF    CLEAkUWG*    Q>oE:/MnO 

IMDQCED    Dl?aft  Fam,  Dust  collector 

ka^^&-:  Garden  Gfy  Pan  g  bbwerCa  (?)     viooerL.     ^r-  - 


(?) 


"SlZ&i 


2.1 


12500    ACFM 


"SPEED        IdOQ   gPM      (Appro*,) 


CAPACITY:    . 

-Tvpfc- :  Ceolri-Tugs!  Psm  w/  R&d)3)  wbgd 


"STATIC  PESSSUEfi- 


ie"  w-6. 


MOToE.  "Size: 


50 


.e>wp. 


(2)     OR  Erroiva.l<zr)T 


I7,2T£   &PD  -bale  O'.l;  6l/73c>  TPD  rode. 


SHEET  NO. 
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o. 
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l«-o  i3*  ffrfs 
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PtTTtBUftQH.  »INN8YLVAH1A 


ENGINEERING  COMPUTATIONS 


EST   NO 

CONT  NO.  M  T*b4.5 
DIVISION    TP&U^&g. 


COMPANY      OCClOeMTAL      QlL.    SHALE,     TkJC. 

LOCATION     RlO    OLAtUCQ    COUMTV,     CoLOQA>00 
DESCRIPTION   Alg   POL-L-UTlOM   &MISSIOM     SOOtSCE- 


DATE  jQN4e  2.   195Q 
PR     S-»4£.        CH     Cj^ 


REF 


1.0  Ate  PoL-i-UTioKj  Data 


Emissiow  poimt*. 
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?.|    P2QC&3S    D6SC2LPTIQM    DATA 


<=»AS    FLOwQATe-1. 

<5A^    PLOW  TEMPEeATUEfr* 

Inlet  dust  comcewtzatiom'. 
ootlet  dost   concemteatiow'. 

PEC  CEKT     MOlSTUCE: : 


i?50O 


70 


ACFM 
°F 

.\10.4 Lb/ we 

0.552.      uj»/W2. 


9694 


21.) 


I, S3 


SCFM 
5E/SCF 


o.o C&&   cje/^cF 


Neoliaible     #  ev  WT. 

w      l7^ 


2/2  EQUIPMENT      DeSCgiPTlQN    AMQ   DS^lgM     fNFQgMATiQM    DATA 

Dust  coi_l.ect>qm  fh,te-q.  omit 
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.     air   f  &c,q  c^m  (g  Slo  I2"W.S.) 

OVERALL.  COLLECTION  eFPlClEKlCV: 2^5%  FEEQUEUCY  OF   CLEANiNg:    Ome/mivj. 
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PlTTMUftOM,   PfNNtVLVAMl* 


ENGINEERING  COMPUTATIONS 


COMPANY      QCQQEMTAL.      OlL,    SHALE,     IkJC. 


location    Rio  olakjcq   Couk4T v .    ColoQaoq 

DESCRIPTION   Alg   POL.L.UT1QM   EMlSSlOM     3qQ12C&         -  - 


EST   NO. 

CONT  NO.  M  7*^4.5 
DIVISION    O&MV&e. 


DATE    ^UM^O,  198Q 
PR    £-■£.       CH     C/^f 


REF 


1.0  Ate  Pol.l.utiokj  Data 

Emissiow   Poikjt;      9  /ge(.  Dravo  Drwg.si?   SjvVjoj      gWjJ>J 


Emission  "Soogcg-:    STcickiro   Tower,    Load •  la •  Coarsg  Sh'a.g  S4oragg 


PEOPOSED    COMTEOL    'SySTErM'.       Ibaohou^g , &FF; 

Pollotakjt'.  Caw  ^ha.lg.   PqiqI  "Souncg  "D^ct, 

UNCOMTROLLEO     g-MlSSlOkl:  1.05  TPD  367  S 

COMTGOLLED    EMISSION:  °-  0°5  TPD  I-"?5 

EMISSION     POlUT     <S\eOMETtZV'.         TvPE-     PtoiO-t- 


^■5  % 
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TPY 


<yyiPP.Mlfll99a.l6s  e-'23S4CK,23     £LEV,       6^1  -Q"    A/S.L 


20bASiMOOS£r     DUST    COL-L-ErCTQg    TMFQ12MATIOM 

?. |    P2QCS3S    D6SC2iPTiQM    DATA 

<SiAS    FLOW  CAT&-  •• 

<5AS    FLOW  TEMPEEATUEfr' 

Inlet  dust  comcewtzatiom'. 
ootlet  dust   comcemteatiow- 
p&e.cekt    moisture: 

2.2  &QU1PMEMT      DE-SCgtPTlOM    AMQ    DSSlgM     fNFQgMATlON    DATA 

Dust  cdl.lectiom  FiLrr&g.  omit 

MAi^F-t  PngUTT)A.4>lge/ecsg  Air  SJBilkr©  model.:   9.5  -  Ifd  -ft  WalJMn  jkpg  © 
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AIG  TO  CLOTH  CATIO *  7.Q2W5CFM  /-f-1-2 
METHOD  OF  Z>P6  CLEAU '    ggVgrSg 
air      (GSo  cfm  eg  9  4o  !2"W.g.J 


KJOMfbEE   OF   OASS  •  _ 
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DE"Sie;M  TEMPECATUEEr  , 
OF    CLOTH  :  ( paL<gs-r<gr"J 
PEESSOEEr    o2op:_ 
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3    + 


OVEJ2AUL  COLLECTION  eFFlClENCY:  5S_S%  FREQUENCY  OF    CLEAN  I  MS  s  00 g   /  Iffl'irt. 
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IMQUCED     DI2AFT    FAN,   DUST   COLLECTOR 


k/akp--  ^Tarc.gn  Cry  Fang  r 
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"SlZ&i    £J 

CAPACITY:       [2SOQ     ACFM 

TYPE*  *•  Cgnlri-o^^i  P'gfco  w"i2gf\i'ff»  Whggl 
MOTOE.  ^I"2E:         _         ^O g>WP. 


STATIC  PJ2£SSU£E  . 
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G-414 
EV.  11/62 


Dravo 


PlTTtftUftQM.  PENNSYLVANIA 


Rgyj>  3-    3-I9-3I         ReV.  2. 


H-91 


Res/,  i-    9-15-80 


ENGINEERING  COMPUTATIONS 


COMPANY      QCOPEMTAL.      OlL.    SMAlE,     TkJC. 

LOCATION     E<Q    OLAKiCQ     COUMTV,     CoLOQ/\DO 
DESCRIPTION   A\g   POL-UUTlOM   &MISSIOM     SOUQCE-  - 


EST   NO. 

CONT  NO.  M   Tb45 
DIVISION    O&MV&g. 


DATE    JuUg-^2,   )98Q 
=r-.\£.     CH      ^ft 


DR_ 
REF 


1.0  Ate  Pol-l-Utiom  Data 

EmiSSIOW    PQIMT:     \Q 


C  0.e£:  Dravo  Drwg.  Me    EM-  lot  gev.  PJ 


G  mission  *SQoecg-:  'S-V'aclond  Tower,  Lcad-io  •  Coo.rcg  'Sbaig  ^orggtgg 

PBOPOSED    COMTEOL    ^YSTErlvi:    jbSXgbOU^g g-FF^  OP-  g     % 

UHCOMTKOLLEO     EMlSSlOkl'.         1.05  TPD  3£7-5  TPV 

COMTEOl-LED    EMISSION:     _M05^TPD  1.75  tpv 

POIOT 


EMISSION     POIUT     <^&OMETIZV.         TYP 


<rr^c?p.NlftlQC^.l6-l&l236dQ5.^>     SLEV         &957-Q     A.S.L. 


2QbAgjMOUS£r     DUST    COLLECTQg    IMFQEMATIOM 
2. |    P2QCE3S    D6SC2iPTlQ>>J    DATA 


<=iAS    FLOWCATE-: 

CSiA'S    PLOWTEMPEEATUEfr' 

Inlet  dust  comcewteatiom1. 
outlet  dust   comcemteatiow- 

PEC  CEM.T     MOl3TUE.Fi: : 


12^00 
70 


92. * 


&.4GI 


ACFM 
op 

Lb/ ME. 
L&/H2. 
%  BV  WT. 


9694- 


5CFM 

€E/s:f 


Q.OOgCa      ^e/^CF 


sjeghdiblg 

2.2  Equipment    DsscgiPTtON  amp  og^igu    Impobmatiom  oata 
Dust  cqulectiom  pilt&(2-  umit  , 

MAi/f--:  Poeumafit  Qzvgr?e  A>r"Dosj  Filler   (2)mdp&l:   8-S-  134--3  WalLm  lypg  (§) 


"SIZE*. 


55o 


Ft'  PiLTEE.  A2EA 
6jg  pr. 

Aia  TO  CLOTH  EATIO*.    "/'Q^^I^CPM/-^^ 


34- 


LEWC7TK   OP   6AS3: 


4-r& 


IKI. 


KJUMfbEE   OF   OASS « 
DIAMETER.  OP  fbA<5S-' 
DESl^M  TEMP£l2ATUeEr  , 

OF    CLOTH  :  (polyg-C-rgr.)    n~S     op 

PIZE -SSUE&   OGOP:  3*  V*i-S. 

F2EQUENCY  OF    CLEAMlKJ(5:   Org  /  m'i  A 

Cycle 
INDUCED     DgAFT    PAN,  DUST   CPLLECTOg.  '' 

Maj^t  :  c5jardgn  Or/  Fan  g  blower  Co.  (2)      moDE-l.        &ES © 

-SIZE".    5J "SPEED        14-CO    ^pM      (3pproQ 


METHOD  OF  D^<5  CLEAU  '•   U<SV(ZrZi7 

.      3r  ((S5QCFM  cp  9  4olZ"vy.g.) 

OVERALL.  COLLECTION  EFFICIENCY:  3?L5% 


CAPACITY:         12^00    ACPM 

-T\pfc- :  Cgr>Tn-Cug&l  Fan  v*/Q8chal  Wr.ggl 


-STATIC   PJ2ESSU2E 


I2*w,«s* 


MOTOE.  3l"2E: 


-cr 


^O 


.&WP. 


kjOTS-;©    Plant    Production:     111,275    &P0  3heW  o\l:   61 ,730 tpo  rcc'c. 
(D   of-  Bc^owj  a\crn» 


SHEET  NO. 
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G-414 
EV.  11/62 


Dravo 


PlTTItUROH.  PENNSYLVANIA 


Rev.c-  :?-ta-gt,gaA  I-    I-I9-81 


ENGINEERING  COMPUTATIONS 


COMPANY      QCOQEMTAL      OlL    SHALE,     TkJC. 

LOCATION     E»Q    OLAlNCQ    COUMTY.     CoLOQAOO 
DESCRIPTION    *'>•*•       gQLUjTlOy       SMlSlLOy      S6Ug.Cg 


EST   NO. 

CONT  NO.  M   7*^4-1 
DIVISION   bEklV^t 


DATE    1-15-gQ 
PR     W&         CH 
REF 


l.Q  A>e  Pql-i-utiokj  Data 

Emissiow  Poikjt:    IS       (ref.   DRA^fo  E>ruJs>,  tJo.  jsjYHo\    ReV.  dV 


Emission  "SOOgcg-:  Cok/v/.  vio.  14    tSAMSP,  Pt>    (j  TjasgHsjS£gg=  Tame-pa. 


PEOPOSED    COMTEOL    ^Ys~re='M-  1  ^^g^TftSLg    3A-6Mpa^g  &FP      3lJliL% 

POLLUTANT*   E&fcj  -Sl+ALS;     gU6rQUg    ftuST   -  P0(K3T     SPC(f2£g 

UNCOMTROLLEO     g-MlSSlOkl'.       Q.437  TPD  I52.°!S  TPV 

COK4TEOL.L-ED    eMlSSlOM:  O-OO'ZLdU^  TPD  0,10/2.2,1  *fr  TPV    © 
EM'SSlOkl    POIUT     <SieOMeTEv;        type-        PoifOT 


rnnPn.HI^ 2..3S',  5  t2?fr1-H  .43        SLEV.      frte.S-O 


2QbAgjMOOS£r     DUST    COLLECTQg    pNPQEMATION 
2.|    P2QC£r3S    DE5C2LPTIOU    DATA 


<=iAS    FLOWCATE". 

(SJAS    FLOWTEMPEKATUEfri 

Inlet  dust  comcewteatiom'. 
outlet  dust   concemteatiow- 

PEC  CEK7     MOl3TUl2£ : 


Z&OG 

10 

3G-  4 

t.fce 

WF^Lt^l^Lfe 

ACFM 
°F 

Lb/ we. 
U2>/h2- 
%  Ev  WT. 


I55i_ 


21,1 


2.74 


fl,D/37 


SCFM 
°C 

SE/SCF 


2.2  EQUIPMENT      DESCgiPTlOM    AMQ   QE^lgM     fNPQgMATiQM    OATA 


Dust  cdllectiom  piltetQ-  umit 
•size- 1  gig 

LEWGTTM   OF   fcASS: 


F7'  Pil-TEE.  A2EA 
3.33 FT. 


Dlm-\/2o  Type    f    <D 
2o 


NiuMfcEE   OF   bASS{_ 
WtOTW       OF  fbA^S-* 
DESlCJU  TEMPEBATUEfc- 
OT=    CLOTH  iC^UVaj-g^) 


^•5 


iM. 


PJ2ESSUE&    020P: 


3^ 


.7?    op 


AlE.  70  CLOTH  EATIQ  i   7  3^' t     SCRi/FT 
METHOD  OF  bA3  CLEAUtgg^gtg    PHL*=g 

.  J6T    T*P6    fioo  RSjg) 

OVECALL  COLLECTION  EFFICIENCY'  2L5%  FEEQOEjJCY  OF   CLEAN' MS*  AS  &rQD  , 

Imqucep    Dl?af7  Pan,  dust  collector. 

KA£^£r:       t>CE     1/OKEi 2)        MQO&L,  ltQTg6&AUuJ/    Fl  LTGH5.  u-QlT  C£> 


'SIZE".    Z 

CAPACITY*.            1-000    ACFtW 
TVP£=- !  C&umiFu^AL. 


i6££>  g^AA 


"SPEED    

-STATIC  PEeSSUEir  5  "  UJ  & .  It. 


M07OE.  "SIZE: 


riJ_ 


.e>wp. 


©  P<-A»Jr    PR-ODucnoM  :  U7,*2.7S  ^p-}   SHAu=  oil;  &l,73o  TPg    Rock 

(D    -Flfiuag    WiTW     ASTEtelSk    (?*)    PsPPL  itS     TO     AM     AuT;=£40A7&    0F-     USl/06 

C|4emi^Al    S/^t"     AT     55°/»   epP/ctc7JC7/ 


SHEET  NO. 


11 


n 


r^ 


& 
W. 


DATA  SHEET  359 


O    tt 


Dalamatic  Insertable  Filter 
Series  DLM-V,  type  F 


4 
t  3J* 


1 


8J* 


6 


#  $  $  ®  ® 


V/////M/M//////M 


ii  ii  it  ii 

ii  ii  ii  ii  ii 

ii  ii  ii  ii  ii 

ii  n  ii  ii  n 


18'* * — -    «• — « 

Ion  side  on  which 
controller  is  mounted) 


16** 


i  JT~  6      Compressed  air  inlet  (\'  NPT) 


Delemetic  controller 


&KKKKKKK&KKK 


Imay  be  mounted  on  either  side)  w 


II  II  II  II  II 

II  II  II  II  II 

II  II  II  II  II 

II  II  II  II  II 


uuuuuuuuuu 


'Nominal  clearances  for  maintenance  where 
space  is  restricted  consult  DCE  VOKES  Inc. 


1 
■  1 


seating  level 


Ssiss  mmm& 


d,dt 


SHORT  elemenu 


■*-  LONG  elemenu 


FRONT  ELEVATION  SIDE  ELEVATION 

Size  DLM-V7F  illustrated,  broken  lines  representing  DLM-V10F 


MODEL 

Fan 

Motor 

h.p. 

A 

Bt 

c 

DIMENSIONS 
(Tolerance  ±1*  on  main  dimensions) 

ds          dL           E            •            F 

f 

9* 

h 

Approx. 

net. 
weight 

DLM-V4F 

1 

23J* 

nr 

26J' 

231* 

- 

2or 

19' 

23}* 

181* 

37* 

12J* 

3201b 

DLMV6F 

1 

23J* 

3-ir . 

2  6)' 

- 

33J* 

201* 

19* 

231' 

181* 

4'11* 

121* 

3601b 

DLMV7F 

2 

37J* 

32r 

291* 

23J' 

- 

»r 

19* 

33r 

28}* 

3r 

121* 

6201b 

DLM-V10F 

2 

371* 

32r 

2"$r 

- 

331* 

»r 

19' 

33J* 

28]' 

411* 

121* 

6701b 

DLM-V12F 

4 

23f 

sir 

21  r 

- 

331' 

3  Br 

331* 

231* 

181* 

411* 

22f 

6601b 

DLM-V14F 

4 

37}' 

Bir 

2' 11* 

2  31* 

- 

36J' 

331- 

331* 

281* 

3  7* 

22]' 

8601b 

^OLMV20F 

6} 

37J' 

sir 

JT 

- 

33J- 

3'Bi' 

331' 

331* 

281* 

411' 

22|* 

9601b 

■(•This  dimension  is  approximate  and  is  dependent  upon  make  of  motor 


1        **'  —  It* 


20r-3  61*  - 


'-t  +    +  j    M     ^: 

ii  ii  i 

i  n  i 

i  ii  i 

, ,    r 


14' 


Aperture  and  mounting  details 

The  Dalamatic  Filter  is  designed  to  metric  standards 

All  boh  holes  are  11  mm  die  (£')  for  10mm  (J*l  bolts  with  hole  centres  at  150mm  (Sfl*)  pitch. 

and  are  symmetrical  about  center  lines  as  shown  above 


SHEET*      |g> 


G-414 
REV.  11/62 


»"'llu>0»    •Ikclrni.n 


Rev.  ?-  l-i^.gi  RcV>  Z.   I-H.8I         Rev.  \~  q-T5-So 


ENGINEERING  COMPUTATIONS 


COMPANY      QCCID&MT^L      QlL.    SHALE.     TkJC. 

LOCATION     E«Q    OLAMCQ     COUKJT V  .     CoLOgADQ 
DESCRIPTION   A\g    POt-UUTlOWJ   EMlSSlOM     SOOBCE-     • 


EST   NO. 

CONT  NO.  M  TbA1? 
DIVISION    O&UV&g. 


9BO 


DATE    vJUMErO, 
PR      fc^     CH      U 
REF  


|.Q  Ate  Pol-lutiokj  Data 

3. 


k/zo 


ISi 


Emission   Poimt;     19 kj^giii    Drg^o  t>r-wg.  MQ   gMj 

EMISSION   'Sooecg-:  Secondary  e  Tent iary  Crushing  j  Zcr&e 


lOl  k'e/-  C; 


P2DPOSED    COKJTEOL    ^YST&M'._ 

POLLUTA.kn"«     P^W    jSrv&ig,   Po  1  Of 


b^hD'Jce 


^S 


ojrcg    DoCt 


e^r  99»g»  % 


UNCOMTKOLLED    &MI5SIQU-.       \0B.  03 
COWTEOLJ-ED    EMISSION: 
EMISSION     POIMT     <SieOMETf2V'.         "TYPe- 


0.54 


Po  1 1")  I 


-r  pd     .37+52  fi'JL  tpy 

T.PD         J.6 %  0        TPV 


COO 2 O.  M  1 5 1  9  12 .50  j &  123T253.QQ      ELEV.         IOOO'-  O     A 


20  bAgjMoosfc-   Dust  collectob  Impqematiqm 

2. 1    P2QCE3S    D65CgiPTiQtsJ    DATA 


<=iAS    FLOWCAT&-'- 

<5a"s  plowtempeeatue!:' 
Inlet  dust  comcemteatiom'. 
ootlet  dost   con  c  emteatl  on 

PEC  CEKT     MOl3TUE.Fi: : 


;  42,000 

10 


ACFM 
op 

Lb/ He 
L&/UJL 

y.  8VWT. 


,03  >^S-  _  scpm 
71.JL  °c 


jt>56  _  se/scf 


C'PAl&-  ^/-scf 


2.2  &QU1PMENT      DESCglPTlQM    AKJQ    DS'SlSM     fNPQgMATiQN    DATA 


Dust  cql-lectiom  pilteb.  omit 

M  ai^  f-  :    NA j  'xm  Pu  1     (U . C.  JR j re r ) 
"Size*.       Z3^  05-fr       pj*  PiuTee  a2ea 


®       MQP&l:     fb)  G72.  I^IO-T^ 


,<^ 


NuMbEE   OF   bA€S!      1  1  52 


LEW<^7H    OF   fcASS: 


FT. 


DIAMETER  OF  £>A<=\S-  ^  •*> 

DESKSiU  TEMPEEATUet- 

OP     CLOTH  :  ho  ;'"-.' -T.     7lc 

P2E"SSuEey    DEOP: 


IKl. 


SVz.^ 


AlB  TO  CLOTH  EATIO  '.  *L&i!  l££MjLfi! 
METHOD  OF  £>A=i  CLEAL]'  £gV<rrT.g>  puh^ 

.    Jgi    4ypg (lOO  pSLlg    ^-ir-) 

OVE2ALL.  COLLECTION  EPFlClEMCY:SS:5%  F2EQUEUCY  OF    CLEANlM^ 

INDUCED     DEAFT    PAN,   DUST   COLLECTOg. 
"SIZE*.  'IZffO 


<t 


A.: 


Tfdo. 


Lr_ll 


capacity-.       /  4£  ^n  ££Ei^ 


MOOErl L-fl @ 

-speed  ))£r>  2Pm  (Pi—:-  j^.)l; 

STATIC   PE£-SSU£Jr  '^''  NV'iT. 


TYPE" '  C^^Triion^ 


V 


L 


BKwbcjrfKj/gA 


MOTOE.  3lZE: 


4<2£ 


e>wP. 


(?)  or    fc^oivaWrvi-. 


Gl,i3o  - 


•■'u  roc<, 


SHEET  NO. 


J? 


o 
o 

CO 

2  G 


..  o 


fl                  « 

*                         9 

"L 1 

: 
: 

! 

■; 

: 

l 

: 

■! 
.1 

- 
I 
j- 

i 

J 

: 

! 
1- 

: 

! 

J  ! 

c 

»"               1 

5We*r zo 


G-414 
EV.  11/62 


Dravo 

^<TTtBUltQH     'CNN3YLVANIA 


RtV.g.     I-H.gi        RsV,    \,  q.|g-go 


ENGINEERING  COMPUTATIONS 


COMPANY 
LOCATION 


Qcoqe-mtal.    Oil.  Shale,   Tsjc. 


glO    OLAKiCQ    COUMTV.     COLOQAOQ 
DESCRIPTION   A\E2   POLUUTlOM   EMlSSlOU     3QUI2CE- 


EST   NO 

CONT  NO.  M  "7^>4.5 
DIVISION    O&MV&g. 


DATEvJuue-  "2,  \93Q 

DR      &•>£>    CH    U^£ 


REF 


1.0  Ate  PoLLUTioki  Data 


(ggf.t      Dr&VO   Prwg,    Sl?    5M-IOI      gcV-Q) 


EMISSION    POINT?. 

EMISSION    ^OQ2CF:  CoOVgygr  Trans-fgr  PoiOt'SCS'  TrafTS-fgr*    fowgr;    ,Vga 
PEOPOSED    COKiTEOL.    ^YS"TErM:_^agll^iLir &FF:  2  g  ;  O  % 


POLLUt/\kjt*.    Raw  ^hftig  .    Pom^tQurce    Du:^- 


^^f_ 


UNCOMTROLLGO    E-Ml3SlOkk 
OOLiTEOLLED    EMISSION:  0>0Col 

EMISSION     POINT     <SjeOMEYTSZY  ;         TYPe- 

COO 2 D.  Mi&°.  193.15'.  5- 1  237  3S1.25       E"LEV. 


.TPO 
TPD 


Zl.SS 


TPY 
TPY 


poinf 


69  6o'-o    A^-l- 


20bAg>MOOS£r    DUST    COLLECTQg    INFORMATION 

?.|  P2QC&3S  oesceiPTiou  data 


<SiAS    PLOWBAT6-*. 

<?AS    PLOW  TEMPEEATUEEr* 

Inlet  dust  coMCEwTeATiou'. 

OOTLET    DOST    CONCENTEATION*. 
PEC  CEKT     MOtSTUES : 


l(of  000 


10 


W^ 


5.075 


b^giig 


tble 


ACFM 
op 

Lb/  WE. 
Lfc/HE. 


2.  1.1       oC 


1,'fc     SE/SCF 


&64.g  (Sje/scF. 


2.2  EQUIPMENT      DS'SCglPTlQN    AMQ    DE^lgN     iMPOgMATlOKi    OATA 


MQPErL.:  fl)-26glOO-TgJ-l 
JsJUMbEE   OF   OASS«         238 


4.5 


IH. 


Dust  collectiom  PiLT&a.  omit 

MAKE-:    Ml  km  Pol  (.U.'d.Rltgr)  (2) 

•Size-'.  ZC??**  Ft*  FiLTESC.  aeea 

LEUefTH   OP  fcASS:     IQ-o  FT. 

AlE  TO  CLOTH  EATIO'.  ^'6;|     ^CFM/-^2- 
METHOD  OF  &CC5  CLEAU »  ggVgrsx?  pulsg 

OVEJ2ALL  COLLECTION;  EFFICIENCY:  ^5%  FEEQOENCY  OF   CLEANUPS:  A-  rcq'd. 

♦  ~  r^-,  ^  ^  ("TiTn<?r   Coniro! 

IMQOCED     D2AFT    FAM,  DUST   COLLECTOg. 


diametee.  of  £>ass.' 
design  tempecatueet  . 
of    Cloth  :  (polyer-Tgr) 
P2ESSUE&    OEOP:       ^  to  4. 


'VM.6J. 


^ 


SmeeAui   Yofi/ht 


Jq.0l 


MA£fr: 

CAPACITY:  / 1,000         ^CFl/j 


S 


MOD£rL 
•SPEED 


MJ^ 


5) 


TYPfc-: 
MOTOE.  "Sr2E: 


II     w 


1 1  34       (APPRO** 

"STATIC  PEeSSUElr  IQ^'  W'g?- 


klOT&S;Q      PuAKiT        ProducliOO:     1 17,275   &PO    Shale    Oil  ;      Gl,TbO     TPD     r0C^. 

(2)    or-  Bqoiv/a-l^n-k 


SHEET  NO. 


il 


o 


o 


O  IS 


<f=^ 

*  -  -   a. 

i 

! 

■; 

:"' 

J 

J 

-i 

J' 

: 
: 

[ 

'<                                                                   f 

M 

10 

IM  — 
>  — 

1    i 

C 

SH^r   22. 


G-414 
(EV.  11/62 


^ITT««U»aH      »|  NHiY^VANIA 


RgV,  /-  3-15-80 


ENGINEERING  COMPUTATIONS 


COMPANY      QCOQEMTAL      OlL.    SHALE,     TsJC 

LOCATION     E»Q    OLAKiCQ    COUMTV.     CoLPgAOQ 
DESCRIPTION   Alg   POL.L.UTIOM   Els/MSSlOM     30U12CS- 


EST   NO. 

CONT  NO.  M  lc=>4.{3 
division  o&Mv/ee. 


DATE     vlUllE^,    ^^BO 

dr    £r.b:,  ch   U?b 

REF  fe/,T^ 


l.Q  Ate  Pollution  Data 

EMISSION    PoikJT:      "2<S> (gg-C-    Dr-evo  Drv;£  kjo  E-M-  101    f?gy.  p) 

€  mission  ^oogcg-:  3<3Qoo  Ton  Pioe  "S4- orange  3iio    Loan -in 

P20POSED    COMTBOL    ^YSTErM:    b>0   P«  llgm  £FFr  90j_O_% 

pOL-LOTA>JrT»     Rg'w  *5halg    Pom-i   "Source    Pod. 


0.<?/ 


UNCOMTKOLLEO     EMlSSlOkh 
COMTEOLLED    EMISSION: 
EMISSION    POINT     <£ieOM£TEV.        TYP 


0,009 


.TPD 
TPD 


3ia.s 


3,15 


TPY 
TPV 


Pom  I 


COO 2 D>.  Miftl  >25.QO'.  Ei23&9lG,^G       ETLEV.  1Q60'-0     A.^.L. 


2QbASjNOUS£r    DUST    COLLECTQB    rKlFQEMATIQM 
2.|    P2QCESS    DESCQiPTiQu    DATA 


<=»AS    FLOWBAT6". 

(SiAS    PLOWTEMPEEATi;Efrt 

Inlet  dust  coMCEMTeATioki'. 

OUTLET    DOST    CONCEMTEATlON'. 
PEC.  CEHT     MOlSTUee:  s 


I200 


no 


75.8 


0,76 


Hgdl'cj'  big 


ACFM 

Lb/ WE. 
L&/W2. 


927 


7.S 


._  SCFM 
_   °C 

ce/scf 


<3,03g  csie/^cF 


2.2  EQUIPMENT      PS-SCglPTlON    AMQ    OgSlgM     iNFQgMATlQM    OATA 


MQP&L: 

NuMfc>EE   OF   OASS'ii. 


DIAMETER.  OP  £>A6*S'        4  Vg 


IM. 


DESMAN  TEMPE2ATU2£r 

OF     CLOTH  :    (poly^rgyy      "21S      op 

PJZESSUEE-    pgftP;         I  t "W.£. 


Dust  collection  filtetB.  omit 
ma^:    Mikro  Pul    [u3]  Fi  liczrj       (2) 
•Size-:  2^0  ft'  Fiuree  aBea 

LEWCtTH   OP  fcASS:  ^.S4 FT 

AlC  TO  CLOTH  RATIO*.  ^»64  t  1    ^CFM /&* 
METHOD  OF  fcCCj  CLEAU «    Mgehar;!cal 

OVE2ALL  COLLECTION  EFFICIENCY:  .99.%  FEEQuENCY  Of   CLEANING'    A"S  rggj'd 

Induced    D2aft  Fan,  dust  collector 

KAAiigr:        Vv|c?w  HorV      Pblowgr* (g)       MOOErL 

"SlZEr:    

CAPACITY 
-TVPfc-  *• 


G. 


irn^r    CoPTro'^ry 


Cbmpr*c4    gj 


© 


04 


"SPEED        Z.3&4- 


>PV 


/  Z^O    ACFM 


(approv.) 


static  pjzes-suee-      g "  u/-  g  -  * 


o! 


MOTOE.  ^l"2E: 


CgriTri4'jd  g 


Z  .0 


e>np. 


Fan   \s  -(or-mcWd     inV^'rsl     wi+-h  i??^ 


-fill 


<Tr-     <J/V 


HaTSC:(T;    plant     Pr-oduc|ioo;    111,275   *pd  Shale  o.l;     ^|,*750TPD  rocL. 
(2)  Or  Equ  1  v-3.1  <?nf- 


SHEET  NO. 


21 
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'' 


1    '   I    I    '    '  ■'■■'  J  ■'■■'■■'■  '■■'■ 


i 


11! 

1. 

s 

in 

s 

Hi 

it 

1  *  4 

0 

o 

O 

sis 

*   1   * 

1      ■           ! 

1 
1 

1                               ; 

I 

— 

i     1        !    ! 

i                 i 

;       i 
1 

„ 

s 

s 

?  1  t 

a 

i  " 

*  1  * 

1 

9    :   ^ 

« 

k 

£\*  ^v* 

1 

•                   1     N 

*s"  'nV8 

<                   1     ° 

SI  - 

v     in 

Sb|     i  - 

*  I   * 

N  1    n 

d*  o1             5 

•  i  a 

1  I' 

5 

i  ° 

1 

O  p    o 

s.  §i 

^    o 

DD 


a 
s 

i8 
!s 

—    o 

DD 


S!  * 


S    3 


u.1  o  «    a 


II 5 


LJ       7 

-I  l-S 
<  XO 


«8s 

Jl 

in 

IN 

Kl 

c 

1/1 

o 

S 

a 

fU 

*M 

■j 

■* 

I 

X 

< 

1*1 

* 

- 

W? 

Id!" 

1*° 

„jP 

n 

IT 

it 

..- 

v>* 

z 

~ 

~ 

3 

i 

^ 

_N.*L\S 

n,» 

r& 

u 

in 

in 

**■ 

*" 

2 

3 

2 

n 

5 

1 

3 

s 

$ 

i 

I 
I 

'! 

.1 

I" 

1 9 


P«il«! 
B  ill 


B 


ii 


*5 


i .! 


Z  UJ 

2  8=; 

UJ  CqH 

5s  !. 


i. 


\ 


i.j8 


I^xT 


-1-  4-  7=  ,-   In 


rr 


51 


£§1 


o 

■£ 


b 

S 

<  OS 

■■    -  v. '  o 

> 


EL 


grssfl 


1/42 


r-i£ 


:S 


! 

t 

■Ctl 

* 

,  ! 

1 

— Ii 

j 

SMK.T24 
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1EV.  11/62 


■BgaaaaaM  mb— 

PtTTtlUMOM.  »lHMSnv*Mi» 


ftgy.3-  3-tS-gi  ,    gg/.g- H9-  g|         Rev.  I- <i-|S-8o 


ENGINEERING  COMPUTATIONS 


COMPANY     QCQQEMTAL.     Oil    Shale,    Inc. 


LOCATION     E«Q    OLANCO    CpUMTV.     CoLOQADQ 
DESCRIPTION   A\g   POL-UOTlOM   EMlSSlOM     3Q012CE 


EST   NO. 

CONT  NO.  M  1^*4.5 
DIVISION    P£MV£e. 


DATE  OoiQg    /2,    19SQ 
PR      fegj     CH    L.P6r 
REF  fyr* 


1.0  Aie  Pol-l-Utiqkj  Data 
Emission   Point;     11 


EMISSION   ^ouece-:  3QoOO  Ton  Fing  5TOr<a.c*g  ""Silo    -  Lorad  -ad- 


PEOPOSED    COKJTEOL    ^ySTErlvf.    InSer4a.b\e     g^aghouSg         g-PFr   99 ; 5     «% 

Pollutant*,   ggiw  "Sha!g  ,    Poml   "Source:   Do^4 

UNCOMTROLLEO    EMISSION:         O.I0&         TPD  37. 8  TPV 


CONTEOL.L.ED    &K/itSSiON:a00Qg/'<9.<3/6£:*S-  PD  6.\15/S-G1  ^  TPV    © 
EMISSION    POINT     <SieOMETlZV.        TyPE-     "Pcnnl ' 


Coogp.N  181  IS2.  5Q;  gr  I  257o6Z.6o    ELEV.        GQQB'-O   A-SL- 


20bAgjMOOS£r     DUST    COLLECTQB    IN  FOE  MAT  ION 
?.|    P2QCESS    DE5C21PTIQM    DATA 


<=iAS    FLOWCATE-'. 

<5|AS    PLOW  TEMPEEATUEfir* 

Inlet  dust  comcewteatiow. 
ootlet  dust   concentration*, 
pec  cent    moisture: : 


Q.OOO 


io 


ACFM 
op 


1553     _   5CPM 

2U1      oC 


^i^__    Lb/  WE. 


Megl'g'ble    %  bv  wt. 

2.2  &QUIPMEMT      DESCglPTlON    AMQ    DESlgN     iNFOgMATiOM    QATA 
DUST   COL-L.ECTION    F'lL.TErCL  UNIT 


<3*£<S        SE/SCF 


4*0&24r_  <se/^cF. 


J) 


•size-:         *2io 

LEUC"TH   OF   fcASS: 


FT'  PlL-TEe  A2EA 

333  pc 


o 


20 


Al£  TO  CLOTH  EATIQ 1 13£lJ       ^C^M/42- 


NOMoEE  OF  OASS' 
Width   of  fbAevs-'  39-5 


METHOD  OF  ?ja<E1  CLeau  :  Rcverz<r    ppj r^ 
jgj    ^/pg-    (  loo  psfg  air) 


_  lM. 
DESlCikl  TEMPf=l2ATU*2£r 

OF    CLOTH  :    (polye^er)     2"|5    op 

P12E"SSoe&    D20P: i* M*J.S. 

FEEQUEUCV  OF    CLEAN  1KJS'  AlJ^kL_ 

(A  just  able   -h'nrxz  interval ;   S-i«3oS-> 
Induced    dpaft  Pan,  dust  coLLECTog. 

KAA^gr;     DCE  Vokez (§)      yionerL,  Integral   w4V? -fi'TwT  ur'i-^  (3) 

'SlZErt    Z "5 PEED  ISaQ   g£M 


OVECAUicOLLECTlON  EFFICIENCY:  5^*% 


CAPACITY: 
TVPfer : 


-2O00  ACFM 


Cgp-l-m-fuoa) 


-STATIC  PEeSSUEfr 


<"  VJ, 


O'    - 


MOTOR.  SIZE: 


-7' 5 


,e>NP. 


Nots-s:©     PLAOT        ProcucTion  :    11*7,275   &PD  "Shale  O.I  j    61,730  TPD  rock. 

Cf)    F.dure  w.lo   a-d-et-isk   (*j   applies  4o  sen  si-Tern-ale  oj.   uc-.og 
chemical    -pray  al  6s;j    eftoency. 
Or  &qu»N/aJ<""or> 


SHEET  NO. 


25" 


n 


Dalamatic  Insertable  Filter 
Series  DLM-V,  type  F 


DATA  SHEET  359 


o  n 


«H — 18' 


r* 


**' 


v 


\.^ 


Ion  side  on  which 
controller  is  mounted! 


^~  6*     Compressed  air  inlet  Of  NPT) 

Dalamatic  controller  — 

(may  be  mounted  on  either  side)  U 


ii  ii  ii  ii  ii 

ii  ii  ii  n  ii 

ii  ii  ii  ii  ii 

n  ii  ii  n  ii 

u  u  u  u  u 


II  II  II  II  II 

II  II  II  II  II 

II  II  II  II  II 

II  II  II  II  II 

u  u  u  u  u 


'Nominal  clearances  for  maintenance  where 
space  is  restricted  consult  OCE  VOKES  Inc. 


SHORT  elements 


■  -  LONG  elements 


FRONT  ELEVATION  SIDE  ELEVATION 

Size  DLM-V7F  illustrated,  broken  lines  representing  DLM-V10F 


MODEL 

Fen 

Motor 

n.p. 

A 

Bt 

c 

DIMENSIONS 
(Tolerance  ±}"  on  main  dimensions) 

ds          dL           E             •            F 

f 

9* 

h 

Approx. 

net. 
weight 

DLM-V4F 

1 

2  31" 

3'*.  r 

2  6}' 

2  31" 

- 

201* 

19* 

23}* 

18}* 

IT 

12}' 

3201b 

DLM-V6F 

1 

23J' 

3-ir . 

2'6}' 

- 

33}' 

20}' 

19" 

231" 

181* 

4*11" 

12}' 

3501b 

DLMV7F 

2 

371* 

32r 

29}" 

2'3}' 

- 

201* 

19* 

331" 

28}* 

IT 

12}' 

6201b 

DLM-V10F 

2 

3-71" 

32}* 

2'*H" 

- 

331* 

20}' 

19' 

331* 

281' 

411* 

121* 

6701b 

DLM-V12F 

4 

231* 

sir 

211* 

- 

33}* 

36}* 

33}* 

231* 

18}* 

4'ir 

22)' 

6601b 

DLM-V14F 

4 

37}' 

rir 

I'll* 

2'3}' 

- 

3  8}" 

331' 

33J- 

28]' 

IT 

22]' 

8601b 

k»  DLMV20F 

61 

37}' 

sir 

3T 

- 

331* 

3  8J* 

3'3}* 

331* 

28}' 

411' 

22}' 

9601b 

•t/This  dimension  is  approximate  and  is  dependent  upon  make  of  motor 


Aperture  and  mounting  details 

The  Dalamatic  Riter  i»  designed  to  metric  standards 

Alt  boh  holes  are  11  mm  die.  (rV)  for  10mm  ()*)  borts  with  hole  centres  at  150mm  (6$**)  pitch, 

and  are  symmetrical  about  center  lines  as  shown  above 


<?«r££T 


T2.& 


RgyN  3-  .*-|g-gi        ggv.  g- l-iq.gi      Ra/,  i-^-iS-go 


G-414 
?EV.  11/62 


PtTTIIUKQH.  VCNNSYLVANIA 


ENGINEERING  COMPUTATIONS 


EST   NO. 

CONT  NO.  M  1*^4.5 
DIVISION    Q£Mv/E:g. 


COMPANY      QCOPErMTAL      Q\L.    SMAL.E,     IkJC. 

LOCATION     RtQ    OLAtNCQ    COUMTV.     COLOQADO 
DESCRIPTION   A\g   POL-UUTtOM   &MISSIOU     SOURCE      ' 


DATE  xluMS-^2.  IQ3Q 
REF 


"W 


1.0  Ate  Pollution  Data 

Emissiokj   Poikjt;     28  (ge£     Pra-/o  X^ryv/g.  k|g    eM-icn    gev.  D) 

Emission  •soogc^-:  ^COCQ  Ton  Fine    wlorade  _wijg^,    Load  -out 

P20POSED  COMTeoL  ^ysTErrvi:  Inser4able   feaghguse  &Ff=  99_-5_% 

Pollota>jt*.  Raw~5hale  Pomf   ~5oorce  Qu^ 

UNCOMTROLLEO     E-MlSSlOkJi       6»\0&             TPD            37'&               TPV 
COK4TEOL.I-ED    &M1SS1QK1 :  ft  O00g/o.  Of  62-ifcr  PD    0. 175/6X7  ^TPY     © 
EMISSION     POIK4T     <£jEOMETl2V.         TYPE-      pQin4- 

fQQ2D.Niai  i<52.  50)5- 1  23^062.50      ELEV.  G9Q5-Q     A-SL. 


20  bAgjMOUSfr     PUST    COLLECTQg    [KIFQEMATIOM 
?.|    P2QCESS    D6SC21PTIOU    DATA 


<=vAS    FLOWCATE-; 

CSJAS    PLOWTEMPERATUEfr' 

Inlet  dust  comcewteatiom'. 
outlet  dost   comcemteatioh' 

PEC  CEW.T     MOlSTUE-E; : 


"2000 


10 


<\.0 


ACFM 
op 

Lb/ WE. 


553 


21.1 


5CFM 


tNg^tigi-blg    %  ev  wt. 


2.2  EQUIPMENT      DE-SCgiPTlOM    AMD    PgSlgM     INFOSMATIOM    OATA 


Dust  coll-ectiom  FiLT£-a.  umit 

MAk^e-J  DC& Vol^s  Dalamati£i  In^art-ablg  R \\<zr(%) model: 


•^ 


LM-    V  2Q    lypg  g         g 


210 


•size-  J 

LEUC^TH   OF  fcASS: 


Ft'  PiL-Tee  aeea 
3.33  r: 


Alfi  TO  CLOTH  I2AT1Q  •.  1 .  39  •  j       ^^  yJjXl 
N/FT»4nD  OF  OttS   CLSAL1*    Rgygr-sg*    tXijgg 


NiUMbEE   OF   ©A€S  {  _  ' 

v/iqtm      of  PoAeis; 


# 


52± 


IKl. 


METHOP  OF  bfiG  CLEAU 

j'<z4   jygg  (100  p~s^  ^rj 


Pbj 


DESiCiKJ   TEMPECA7U2 

OF     CLOTH 
P2E"SSUEEr    OI20  P: 


EGATUEEr    . 
:(polvcz-W)   2] 
>op:        3t «> 

F2EQ0ENCY  OF    CLEAN  I  M<S  *  ^Z  T<ZC*c\> 


Lop 


overall  collection  efficiency:  _3s£% 
Induced    D2aft  pan,  dust  collector 

Ma£&-:     Pee  Vokgw (3)     wongrt-  lofcdpal   NA/irh  -Tn.^rr 'jnir-  (D 


"SlZErt    

CAPACITY: 
TVPCr ! 


"5  PEED    

"STATIC   PEESSUEfr 


^Goa  I2pm 


5iw*£,  1 


MOTOE.  "S»ZE: 


n-5 


.&wp. 


Nores.'.@    Piaut      Pn=)duc-l-ioo:    W7.Z15  £>PD  "^ale  O.lj  &J.730TPD  rocVc 

©  Figure   wi^h  asterisk  (-*)  applies    4-o  an   alfsroa-f^   of  using 
cVierQicai    "^.pray   af    85/4    E.-£ficiency, 


i)  or-  E^qorjaJe^-r 


SHEET  NO. 


27 


« 


n 


r^ 


i 


DATA  SHEET  359 


«j   rt 


Dalamatic  Insertable  Filter 
Series  DLM-V,  type  F 


i 


u    3J--H 


18*' •-—    -— • —  16'* 

Ion  side  on  which 
controller  is  mounted) 


Compressed  air  inlet  (\'  NPT) 


Dalamatic  controller  — 

I  may  be  mounted  on  either  side)  ^ 


ii  ii  n  H  ii 

H  ii  ii  H  ii 

H  ii  ii  H  H 

n  ii  H  ii  H 

U  U  U  U  u 


II  II  II  II  II 

II  II  II  II  II 
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'Nominal  clearances  for  maintenance  where 
space  is  restricted  consult  OCE  VOKES  Inc. 


SHORT  elements 


LONG  elements 


FRONT  ELEVATION  SIDE  ELEVATION 

Size  DLM-V7F  illustrated,  broken  lines  representing  DLM-V10F 


MODEL 


Fan 

Motor 

h.p. 


Bt 


DIMENSIONS 
(Tolerance  ±J"  on  main  dimensions) 

ds  dL  E  •  F 


g# 


Approx. 
net. 

weight 


DLM-V4F 

DLM-V6F 

DLMV7F 

DLMV10F 

DLMV12F 

DLM-V14F 

DLMV20F 


1 
1 
2 

2 
4 
4 
SI 


23}' 
23}" 
37J- 
37J' 
23}' 
37J* 
37}" 


31J- 
311* 
32f 
32J* 

6-1  r 
sir 
sir 


2  61* 
2'6J- 
291' 
2  9f 
21V 
21V 
IT 


2  31' 

3  3J' 
23f 
-         331' 

3'31* 
2' 3}" 

331" 


20}' 
20j* 
20K 

»r 

3  6J" 
361" 

sej- 


is" 

19* 

19* 

19 

33}- 

331' 

331* 


231" 
23}* 
331* 
3'3J' 
231* 
331* 
331* 


wr 

281' 
28}' 
181- 
381- 

28}' 


3T 
4'1V 
ST 
41V 
4'1V 
3T 
411* 


121* 
121- 
121' 
121' 

22J' 
22]' 
221* 


320  1b 
3601b 
6201b 
6701b 
6601b 
8601b 
960  1b 


■fThis  dimension  is  approximate  and  is  dependent  upon  make  of  motor 


-  3"t»- 


i  ' 
O 
_l 


Aperture  and  mounting  details 

The  Dalamatic  Filter  is  designed  to  metric  standards 

All  boft  holes  are  11mm  die.  (£")  for  10mm  (J")  bolts  with  hole  centres  at  150mm  (5$")  pitch, 

and  are  symmetrical  about  center  lines  as  shown  above 
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trjuii^EERiNfi  COMPUTATIONS 
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SCRUBBER  INFORMATION  . 
NECESSARY  FOR  REVIEWING  PLANS 


Fill  in  the  blanks  and  attach  the  rest  as  specified: 


1. 


General  Description 


a.  Make:_ 

b.  Model: 

c.  Size: 


yog 


2.  Process  Description  A 

Attach  a  written  description  of  each  process  to  be  carried  out  in  each 
unit  of  basic  equipment. '  Particular  attention  must  be  given  to  ex- 
plaining all  stages  in  the  process  where  the  discharge  of  any  air  con- 
taminants may  take  place.  Draw  a  flow  diagram  and  refer  to  it  in  the 
'  description. 


i    3.  Design  Information 

a.  Attach  manufacturer's  literature  and/or  detailed  specifications  on 
the  proposed  control  equipment.  Also  include  source  test  data  or 
similar  information  for  a  process  with  a  similar  effluent  and  mass 

\  emission  rate. 

i  ' 

b.  Complete  the  following  table: 


Gas  Flow  Rate     ?£,  CW 

acfm 

Liquid  Flow  Rate           ^5" 

GPM 

Inlet  Contaminant  Cone  ilof 

lb/hr 

Outlet  Contaminant  Cone    24-17 

lb/hr 

Gas   Temp.    (In)                      ZOO 

°F 

Gas   Temp.    (Out)            70 

~°F 

Operating  Pressure f\(l/\fyfcN\ 

_psi   (gage) 

Pressure  Drop            -5",  p 

inches 

Diameter  of  Stack  Exit./,  "7 

ft. 

of 

H20 

SHEET  NO. 
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ENGINEERING  COMPUTATIONS 


EST    NO. 

CONT  NO.  M    lcZ>A-\ 

division  o&uv&e. 


-/ 


COMPANY      OCCIO&MT/\L.      OlU    Sv-4AL.&f     TkJC. 

LOCATION      SlO    ^>LA^KJCO     COUMTY  .      COLOQ^OQ 
DESCRIPTION    A'g    POL-UOTtOM   EMlSSlOM     SoOtSCE- 


DATE 

REF  


CH 


.0  Aie  PoLt-UTioKj  data    tSCKUBBEf?   CoNT'lX) 


c.     Equipment  Description 


1. 
2. 
3. 

4. 


Type  of  Scrubber   (e.g.,  Packed  Tower,  Venturi) ls/Uf\MlC. 
Type  of  Scrubber  Packing   (if  applicable)        Nf)A)E. 


Type  of  Scrubbing  Solution  Utilized    (e.g.,  Water,   Potassium, 

Permanganate) \AI  ^T&fZ  

Packed  Column  Height   (if  applicable)  t\lQA)E- 

Height  of  Transfer  Unit   (H^g) 

No.   of  Transfer  Units    (N0g). 


Dimensions  of  Venturi  Throat   (if  applicable) ■ 

Performance  Tests;    Inlet  Particle  Size  Analysis;   Size  Efficiency 
Estimated  Efficiency jj  ±  rf.  \ '_% 


4.     Description  of  Gas  Mover 

a.  Make,  model,   size,   speed,  capacity   (attach)  |MO.T>    U/»TN   $O?tfg0jtfj£_ 

b.  Static  pressures  on  each   (attach).      5>0r'*O6i 

c.  Motor  description   (attach)        )  6&  OV hp. 
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Dynamic  Gas  Scrubber 

Type  UW-4,  Model  IV 


Dynamic 
Gas  Scrubber 

Type  UYV-4,  Model  IV 

The  Dynamic  Gas  Scrubber,  Type  UW-4,  is  a  three-stage, 

non-plugging,  wet  dust  collection  system  ideally  suited 

for  product  recovery  and  pollution  control.  It  is  the 

result  of  over  25  years  experience  in  the  design,  manufacture 

and  application  of  Dynamic  Scrubbers.  Hundreds  of  UW-4  scrubbers 

are  in  operation  in  the  mining,  fertilizer,  chemical,  steel,  rock 

products,  pulp  and  paper  and  allied  industries.  Its  high  collection  efficiency  of 

up  to  99+%  in  the  1  to  2  micron  range  is  achieved  through  "Dynamic"  action. 

"Dynamic"  scrubbing  involves  the  useof  a  wet  fan  to  mix  gas,  dust  and  water,  in 

extreme  turbulence,  which  forces  dust  particles  into  the  scrubbing  liquid. 


©1972,  1977  The  Ducon  Company 

U.S.  Patent  No.  2,811,222 

U.S.  Patent  No.  4,047,910 

and  other  Patents  issued  or  pending 


Advantages 

1  •      Continuous  performance  at  maximum  col 
lection  efficiencies. 


2.  Constant  speed  of  "Dynamic  Fan"  assures 
peak  performance  even  when  gas  flows 
are  as  low  as  60-70%  of  design  capacity. 

3.  Ability  to  handle  upset  conditions. 

4.  Built-in  fan  also  acts  as  prime  mover 
which  eliminates  need  for  additional 
exhaust  fan  to  overcome  system  resistance 
external  to  scrubber.  This  also  results  in 
savings  in  installation  cost. 


5.  Thoroughly  wetted  fan  greatly  reduces 
normal  problems  of  condensation,  solids 
build-up  and/or  abrasion. 

6.  No  wet/dry  areas  in  system  and  no  small 
openings  to  plug. 

7.  Minimum  water  usage  since  scrubbing 
liquid  can  be  recycled. 

o.  Instantaneous  start-up  and  shutdown  are 
possible  because  no  water  level  must  be 
maintained. 

9«      Low  maintenance. 


} 


Features 


The  Ducon  Dynamic  Scrubber,  Type  UW-4,  has 
proved  to  be  the  most  reliable  and  dependable 
choice  for  all  drying  and  calcining  kiln  applica- 
tions, pelletizing  and  sintering  plants  and  for 
control  of  all  types  of  material  handling  such  as 
conveyor  transfer  points,  screens,  bins  crushers 
and  mills.  It  is  also  used  in  fluid  bed  processing 
and  in  cooling,  classifying  and  general  dust  ven- 
tilation operations. 
The  wide  acceptance  of  Ducon's  Dynamic 


UW-4  Scrubber  can  be  attributed  as  much  to  its 
maintenance-free  operation  as  to  its  highly  effi- 
cient performance.  On-line  performance  is 
maintained  even  under  severe  or  adverse 
operating  conditions.  On  rotary  limestone  kilns, 
lime  hydrators,  and  lime  slakers,  which  are  rec- 
ognized as  being  very  difficult  applications,  this 
unit  is  used  extensively  because  it  has  proved  to 
require  less  maintenance  than  other  scrubber 
designs. 


Two-Stage  Pre-Cleaner  Fan  Impeller 


Unique  Vane  Design 


The  pre-cleaner  section  of  the  Dynamic 
UW-4  scrubber  provides  several 
immediate  advantages  for  the  system.  By 
eliminating  up  to  90%  of  the  dust  load 
before  the  fan  section  and  causing 
particle  growth  through  cooling  and 
condensation  on  the  remaining 
suspended  particles,  it  promotes  higher 
operating  efficiencies  in  the  two 
remaining  stages. 

The  wide  open  design  of  the  pre-cleaner 
section  assures  trouble-free, 
non-plugging  operation.  Its  efficiency  and 
dependability  have  been  proven  in 
hundreds  of  difficult  applications. 
Complete  liquid  flushing  of  the  scrubbing 
vane  in  the  UW-4  scrubber  is  another 
important  factor  in  the  elimination  of 
build-up  and  plugging  problems. 


The  wet  "Dynamic  Fan"  combines  the 
functions  of  exhaust  system  prime  mover, 
atomization  of  scrubbing  liquid  and 
agglomeration  of  atomized  liquid  with 
suspended  particulate  matter.  It  not  only 
promotes  maximum  scrubbing  efficiency 
but  it  also  eliminates  the  problems 
associated  with  exhaust  fans  installed  in 
systems  before  or  after  gas  scrubbers. 
When  a  fan  is  located  on  the  high 
temperature  inlet  side  of  a  scrubber,  the 
fan  is  subject  to  considerable  abrasion. 
Fans  on  the  scrubber  outlet  side  on  the 
other  hand,  are  subject  to  condensation 
and/or  solids  build-up  on  impeller  blades 
with  resulting  wheel  imbalance  and  in 
some  case,  corrosion.  The  UW-4 
scrubber  integral  fan,  however,  never 
comes  in  contact  with  a  mass  of  dry 
abrasive  dust  and  is  kept  constantly  and 
thoroughly  wetted  to  protect  against 
build-up  and  minimize  the  effects  of 
corrosion. 


The  wide  open  design  of  the  conoidal 
impingement  vane  assures  troublefree, 
non-plugging  operation.  Its  efficiency  and 
dependability  has  been  proven  in 
hundreds  of  difficult  applications. 
Complete  flushing  of  the  vane  in  the 
UW-4  is  another  important  factor  in  the 
elimination  of  build-up  and  plugging 
problems. 


DYNAMIC  FAN 


ENTRAINMENT  SEPARATOR 


LIQUID 


CAS 


DUST 


TWO-STAGE  PRECLEANER 
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Two-Stage  Pre-Cleaner 

Dust-laden  gases  enter  the  lower  part  of 
the  scrubber  tangentially,  resulting  in  a 
cyclonic  flow  thoroughly  intermixed 
with  scrubbing  liquid.  This  forces  the 
larger  and  more  abrasive  dust  particles 
into  the  swirling  liquid  film  on  the  sur- 
faces and  then,  through  the  slurry  outlet 
at  the  bottom.  The  gases  pass  through 
the  scrubbing  vane  which  provides:  1. 
Increased  wetted  surface  area  for  parti- 
cle impingement  and  2.  a  swirling  action 
for  the  mass  of  gas  and  liquid  in  the 
cylindrical  section  above.  Here,  inter- 
mediate size  particles  are  collected  and 
then  flushed  through  the  vane  to  the 
slurry  discharge. 


Dynamic  Fan 

The  gases  which  are  now  conditioned, 
essentially  saturated  with  water  vapor 
and  substantially  free  of  large  dust  parti- 
cles, are  drawn  into  the  interconnecting 
fan  duct  riser  along  with  sufficient  liquid 
from  the  bottom  sections  to  flush  clean 
the  duct  internal  surfaces  and  to  pro- 
mote growth  by  agglomeration,  of  the 
remaining  fine  particles  with  liquid  drop- 
lets. 

All  of  the  scrubbing  liquid  for  the  unit 
is  introduced  into  the  "eye"  of  the  fan, 
causing  complete  flushing  (cleaning)  of 
all  the  fan  internal  surfaces.  Fine  dust 
particles  are  then  captured  by: 

1.  Turbulent  mixing  of  gases,  liquid  and 
dust  particles  causing  liquid  atomiza- 
tion  and  further  particle  "growth". 

2.  Impingement  of  fine  dust  particles  on 
rotating  wetted  blades. 

3.  Centrifugal  forces  resulting  from 
high  fan  wheel  tip  speeds  causing 
impingement  of  dust  particles  and 
"agglomerates"  on  the  moving  film 
of  water  which  completely  covers  the 
fan  housing  inside  surfaces. 


Entrainment  Separator 

The  collected  dust  and  liquid  discharge 
from  the  fan  tangentially  into  the  final 
section  of  the  scrubber  where  cyclonic 
action  causes  separation  of  slurry  from 
the  gas  stream. 

The  entrainment  separator  increases 
gas  velocity  and  directs  gas  flow  so  that 
entrained  liquid  droplets  are  thrown 
against  the  scrubber  wall  to  descend  and 
discharge  through  an  intermediate  cone 
orifice  by  gravity  to  become  the  liquid 
feed  for  the  scrubbing  vane  below. 
Cases  free  of  liquid  droplets,  discharge 
vertically  through  the  scrubber  gas  out- 
let. 


Capabilities 

The  Dynamic  Scrubber,  Type  UW-4,  Model  IV 
is  available  with  two  performance  capabilities, 
a  standard  and  a  high  efficiency  design. 

The  Dynamic  Scrubber  Type  UW-4,  Model 
IV  High  Efficiency,  is  an  improved  design  which 
decreases  outlet  dust  loadings  up  to  60%  as 
compared  to  those  obtained  with  prior  standard 
efficiency  models  of  the  Dynamic  Scrubber.  As 
an  example,  in  performance  tests  on  talc  dust, 
an  average  outlet  dust  loading  of  0.01 6  gr/SCFD 
obtained  with  a  standard  Model  IV  Type  UW-4 
Scrubber  was  reduced  to  0.006  gr/SCFD  using 
the  Model  IV  HE  scrubber.  This  represents  a 
reduction  of  62%. 


SLSLSS  Ji  w._ 


The  improved  performance  of  the  Dynamic 
Scrubber,  Type  UW-4,  Model  IV  HE  results  from 
improvements  in  configuration  of  unit  internals 
and  operating  characteristics.  The  latter 
includes  an  increase  in  horsepower  requirement 
(20-30%)  and,  in  some  instances,  an  increase  in 
scrubbing  liquid  rate.  However,  the  percentage 
increase  in  horsepower  and  scrubbing  liquid 
requirements  are  far  less  than  would  be 
anticipated  for  the  degree  of  improvement 
attained  in  scrubber  performance. 


Applications 

A  partial  list  of  applications  includes:  calcium 
hypochlorite  •  carbon  black  •  clay  •  copper 
concentrate  dryers  •  dyes  •  fertilizer  •  fluorspar 
dryers  •  lime  hydrators  •  limestone  •  paper 
grinding  •  pelletizing  •  phthalic  anhydride  • 
plastics  •  potash  •  silica  flour  •  sintering  •  soda 
ash  •  titanium  dioxide  pigments 


D 
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A  Dynamic  Scrubber,  Type  UW-4,  Model  IV 
Standard,  handling  exhaust  gases  from  an 
expanded  aggregate  drying  kiln,  had  outlet  dust 
loadings  averaging  0.101  gr/SCFD.  After 
upgrading  to  a  Model  IV  HE  Dynamic  Scrubber, 
the  average  outlet  loadings  were  0.026 
gr/SCFD,  a  reduction  of  75%. 
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SIZE  AND  HORSEPOWER  SELECTION  CHARTS 
FOR  DYNAMIC  SCRUBBER  TYPE  UVV-4  MODEL  IV 


STANDARD  DESIGN   (UW-4S) 
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HIGH  EFFICIENCY  DESIGN  (UW-4HE) 
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Scale  (A)  Saturated  Gas  Volume,  ACFM 
(Scrubber  Outlet  Conditions) 

Curve  (B)  Inlet  Static  Pressure  converted 
to  standard  conditions 

|Scale(C)  Scrubber  Size 

P/cale  (D)  Brake  Horse  Power 

(Gas  Density— 0.075  #/ft3) 


HOW  TO  USE  THE  CHARTS 

Example  (see  chart  #2) 

12,000  acfm  at  300°F  and  -5"  wg  inlet  static  pressure  and  containing  15%  water  vapor  by  volume. 

Barometer  -29.92"  Hg. 

1 .  Calculate  adiabatically  saturated  gas  volume  (scrubber  outlet)  —9,800  acfm  at  138°F  (gas  density 
0.062  #/tt3) 

2.  Correct  -5"  wg  inlet  static  pressure  for  density. 

~5x~062  =  _6'°  wg  at  standard  conditions  (at  fan  inlet) 

3.  Enter  chart  on  Scale  A  at  9,800  acfm. 

4.  Move  vertically  to  6.0"  wg  (Curve  B-Pomt  1 ). 

5.  From  Point  1  move  vertically  to  Scale  C  and  read  scrubber  Size  60. 

6.  From  Point  1  move  left  to  Scale  D  and  read  42  B.H.P.  (Density  0.075  #/ft3) 

7.  Select  50  HP.  motor. 


Size  and  horsepower  selection  approximate. 
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Ducon  Service 


The  Ducon  Company  has  been  solving  dust  control 
and  air  pollution  problems  for  more  than  40  years. 

In  addition  to  supplying  a  broad  range  of 

control  equipment,  including  the  most  versatile  and 

complete  selection  of  scrubbing  equipment  offered 

to  industry,  cyclones  and  pneumatic  conveying  systems, 

Ducon  can  supply  the  necessary  system 

engineering  and  construction  management  for  total  engineered 

and/or  installed  systems. 

Ducon  maintains  a  large  staff  of  sales  and  service 

engineering  personnel  experienced  and  capable  of  solving 

virtually  any  air  pollution  or  dust  control  problem. 

service  engineers  are  available  for  system 

services,  start-ups,  and  troubleshooting  assignments. 

For  expert  engineering  assistance  and  the 

highest  quality  of  dust  control  and  air  pollution 

control  products  available,  contact  Ducon  Mineola 

or  our  local  representative. 


Q 


D 


The  Ducon  Company,  Inc. 

Subsidiary  of  U.S.  Filter  Corporation 

147  East  Second  Street,  Mineola,  LI.,  NY  11501 

516-741-6100      TWX  510  9861 


W-7578 


West  Coast  Office: 

10700  S.W.  Beaverton  Highway 

Suite  675  Beaverton,  Oregon  97005 

503-643-1651 

Canada:  Ducon  MikroPul  Ltd. 

1940  Steeles  Avenue 

Bramalea,  Ontario,  Canada  L6T  IA7 

416-791-3883 


Subsidiaries: 

Ducon-MikroPul  Pty,  Sydney,  Australia 
Ducon-MikroPul  Ltd.,  Ontario,  Canada 
MikroPul-Ducon  Ltd.,  Shoeburyness,  England 
MikroPul-Ducon  Eq.  Ind.  Ltda.,  Sao-Paulo,  Brazil 

Licensees: 

Germany,  Italy,  Japan,  Mexico,  New  Zealand, 

Portugal,  Spain,  So.  Africa 


•  1978         1277SM 
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Emissions  Calculations 


APPENDIX  3.0 
EMISSION  CALCULATIONS 
TABLE  OF  CONTENTS 


3.1  Fugitive  Dust 

Emission  Points 

1,  2,  3 

4 

5,  6,  7,  8 

9,  10,  11 

12,  13 

14,  15,  16,  17,  18 

19,  20,  21,  22,  23 

24,  25 

26,  27,  28,  29 

30,  31,  32 

32  (Cont.),  33 

33  (Cont.),  34 
35,  36,  37 

38,  40 

41,  42 

43,  44 

45,  47 

49,  50 

51 

Spent  Shale  Moisture  Criteria 

3.2  FGD  and  Surface  Processing  Facilities 

3.3  AGR   (Lurgi) 

3.4  De  Minimus   Emissions   (Mercury,   Lead,  and  Fluorine) 
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6 
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10 
11 
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19 
20 
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3.4  De  Minimus  Emissions 

Particulate  Emissions 
Raw  shale         1.65  g/sec   =  0.157  ton/day 
Spent  shale 

Lurgi         44.1  g/sec   =  4.20  ton/day 
All  others     20.4  g/sec   =  1.94  ton/day 

Total  spent  shale 

64.5  g/sec   =  6.14  ton/day 
Total  raw  and  spent 

66.2  g/sec   =  6.30  ton/day 

Mercury 
Raw  shale  particulate  emissions 

0.157  ton/day  X  0.18xl0"6  X  100%  =  2.83xl0"8  ton/day 

=  5.65xl0"5  lb/day 
=  2. 06x1 0"2  lb/year 

Spent  shale  particulate  emissions 

6.14  ton/day  X  0.18xl0"6  X  30%   =  3.32xl0"7  ton/day 

=  6.63xl0"4  lb/day 
=  0.242    lb/year 


Condensed  phase  in  off-gas  (Lurgi) 

6.76xl04  ton/day  X  0.18xl0"6  X  70%  X  0.001  =  8.52xl0"6  ton/day 

=  1.70xl0"2  lb/day 

=  6.22  lb/year 

Lead 

Raw  and  spent  shale  particulate  emissions 

6.30  ton/day  X  65x1 0"6       =  4.10xl0"4  ton/day 

=  0.819  lb/day 

=  299  lb/year 

Fluorine 
Raw  and  spent  shale  particulate  emissions 

6.30  ton/day  X  3400xl0"6     =  2.14xl0~2  ton/day 

=  42.8  lb/day 

=  1.56xl04     lb/year 
6.30  ton/day  X  600xl0"6       =  3.78xl0"3  ton/day 

=  7.56  lb/day 

=  2.76xl03     lb/year 
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WELLMAN-LORD  PROCESS 

Process  Description 

The  Wei lman-Lord  Process  is  a  proven  regenerative-type  desulfurization 
process  for  treatment  of  boiler  flue  gas  (Figures  A5-1  and  A5-2).  Sulfur 
dioxide  removal  efficiencies  of  greater  than  90%  have  been  demonstrated.  In 
the  Wellman-Lord  Process,  sulfur  dioxide  is  removed  from  the  flue  gas  with  a 
sodium  sulfite  scrubbing  solution.  The  concentrated  aqueous  SQ2  stream 
which  is  produced  can  be  processed  into  elemental  sulfur  or  sulfuric  acid. 
The  process  can  be  divided  into  four  basic  steps:  flue  gas  pretreatment , 
absorption,  regeneration,  and  purge  treatment.  A  fifth  step,  the  processing 
of  SO2  into  sulfur  by-products,  is  not  necessarily  an  integral  part  of  the 
Wellman-Lord  Process  but  is  generally  associated  with  Wellman-Lord 
instal lations . 

In  the  pretreatment  step,  boiler  flue  gas  is  pretreated  by  contact  with 
water  in  a  venturi  scrubber.  This  step  cools  and  saturates  the  gas,  absorbs 
corrosive  chlorides,  and  removes  some  of  the  particles  remaining  in  the  gas 
after  any  upstream  particle  removal  efforts.  Particulate  removal  is  necessary 
to  minimize  the  pressure  drop  buildup  in  the  absorber  and  to  keep  particulates 
from  concentrating  in  the  regeneration  evaporator.  The  particulates  which  are 
removed  exit  in  a  slurry  which  may  be  pumped  to  an  ash  disposal  pond  or  other 
disposal  site. 

The  cool  saturated  gas  then  flows  to  an  absorber  where  it  is  contacted 
with  a  sodium  sulfite  solution.  Desulfurized  flue  gas  leaves  the  absorber  and 
is  discharged  through  a  stack  to  the  atmosphere.  The  principal  reaction  in 
the  absorber  is  between  sulfur  dioxide  in  the  flue  gas  and  sodium  sulfite  in 
the  absorbing  solution: 

S02  +  Na2S03  +  H20  --->  2NaHS03 

When  water  is  removed  from  a  sodium  bisulfite  solution,  sodium 
pyrosulfite,  Na2S205,  is  formed: 

2NaHS03  --->  Na2S205  +  H20 
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FIGURE  A5-2 
WELLMAN-LORD  PROCESS 


ABSORPTION: 

S02  +  Na2S03  +  H20)  — >  2NaHS03 

(SODIUM  SULFITE)   (SODIUM  BISULFITE) 

S02  +  Na2C03  --->  Na2S03  +  C02 
(SODIUM  CARBONATE) 
(OR  SODA  ASH) 

S03"2  +  l/202  — >  S04"2 
(SULFITE)         (SULFATE) 


REGENERATION: 

6NaHS03  --->  2Na2S04  +  Na2S203  +  2S02  +  3H20 

(SODIUM  (SODIUM 

SULFATE)  PYROSULFITE) 

2NaHS03  +  2Na2S03  --->  2Na2S04  +  Na2S203  +  H20 

2NaHS03  +  S02  +  H20  +  Na2S03 


A5-3 


Makeup  soda  ash  (Na2C03)  also  reacts  with  SO2  in  the  absorber  to 
form  additional  sodium  sulfite  according  to  the  following  reaction: 

Na2C03  +  S02  — >  Na2S03  +  C02 

Part  of  the  sodium  sulfite  is  oxidized  to  sodium  sulfate.  If  sulfur 
trioxide  or  oxygen  is  present  in  the  flue  gas,  the  following  reactions  may 
also  occur: 

2Na2S03  +  SO3  —  >  Na2SC>4  +  Na2S205 

2Na2S03  +  02  — >  2Na2S04 

The  sodium  sulfate  is  unreactive  and  of  no  further  use  to  the 
Wei Iman-Lord  Process. 

The  effluent  from  the  absorber,  rich  in  sodium  bisulfite  and  also 
containing  some  sodium  sulfite  and  sodium  sulfate,  is  split  into  two  streams. 
Approximately  15  percent  of  the  effluent  is  sent  to  the  purge  treatment  area 
for  sulfate  removal.  The  remaining  85  percent  goes  to  the  regeneration  area. 

Regeneration  of  the  spent  absorption  solution  is  accomplished  in  a  forced 
circulation  evaporator.  The  absorber  effluent  is  heated  to  convert  sodium 
bisulfite  to  sodium  sulfite  while  releasing  sulfur  dioxide  and  water  vapors: 

2NaHS03  --->  Na2S03  +  S02  +  H20 

The  regeneration  reaction  is  limited  by  the  equilibrium  concentration  of 
sulfite  ion  in  solution.  Since  sodium  sulfite  is  less  soluble  than  sodium 
bisulfite,  it  is  continuously  removed  from  solution  by  crystallization,  thus 
driving  the  regeneration  reaction  forward.  The  regenerated  sodium  sulfite 
slurry  is  fed  directly  to  a  feed  dissolving  tank.  The  high  temperature  in  the 
evaporator  also  causes  the  formation  of  small  amounts  of  sodium  sulfate  and 
sodium  thiosulfate  (Na2S203)  according  to: 

6NaHS03  --->  2Na2S04  +  Na2S203  +  2S02  +  3H20 

2NaHS03  +  2Na2S03  --->  2Na2S04  +  Na2S203  +  H20 

A5-4 


The  overhead  vapor  stream  from  the  evaporator  is  passed  through  a 
consenser/separator  to  remove  most  of  the  water  vapor  and  to  concentrate  the 
SO?.  The  condensate  is  steam  stripped  to  remove  dissolved  SO?  and  then 
sent  to  the  feed  dissolving  tank.  The  overhead  stream  from  the  condenser, 
which  now  contains  about  15  volume  percent  water  and  85  volume  percent  SO2, 
is  sent  to  an  SO2  processing  area.  This  concentrated  SO?  stream  may  be 
dried  and  marked  without  further  processing,  reduced  to  elemental  sulfur,  or 
oxidized  and  reacted  with  water  to  form  sulfuric  acid. 

In  the  feed  dissolving  tank,  a  makeup  solution  of  sodium  carbonate  in 
water  is  added  to  the  stripped  condensate  and  regenerated  sulfite  liquor  from 
the  evaporator.  The  makeup  water  compensates  for  water  lost  from  the  system 
and  for  sodium  purged  as  nonregenerable  salts. 

The  contents  of  the  tank  are  agitated  and  the  resulting  solution  is 
recycled  to  the  absorber. 

About  15  percent  of  the  bisulfite-rich  stream  leaving  the  absorber  is 
sent  to  the  purge  treatment  area  for  removal  of  sodium  sulfate.  The  purge 
stream  is  precooled  by  heat  exchange  with  cold  sulfate-free  liquor  returning 
from  purge  treatment.  The  stream  then  enters  a  chi ller-crystallizer  where  it 
is  further  cooled  to  32°F,  causing  a  mixture  of  sodium  sulfate  and  sodium 
sulfite  to  crystallize.  The  sodium  sulfate/sodium  sulfite  slurry  is  then 
centrifuged  to  produce  a  90  percent  solids  cake.  The  clarified  liquor, 
essentially  sulfate  free,  is  used  to  precool  the  incoming  purge  stream  and  is 
returned  to  the  absorber  liquid  stream  entering  the  regeneration  step. 

In  addition  to  the  primary  purge  stream,  a  small  amount  of  liquor  is 
removed  from  the  evaporators  to  help  prevent  a  buildup  of  impurities  that 
result  from  regeneration.  This  secondary  purge  stream  is  added  to  the  solids 
cake  from  the  centrifuge  before  drying.  The  crystalline  by-product  from  the 
drying  step  is  a  mixture  of  anhydrous  sodium  sulfate  (70  percent)  and  sodium 
sulfite,  with  small  quantities  of  thiosulfates,  pyrosulf ites,  and  chlorides. 

Offgas  from  the  dryer  is  cleaned,  generally  in  a  cyclone  and/or  baghouse, 
and  recovered  dust  is  added  to  the  dryer  product.  The  cleaned  offgas  is 
routed  to  the  main  flue  gas  stream  upstream  of  the  prescrubber  and  processed 
with  the  flue  gas  for  SO?  recovery. 
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Advantages: 

1)  Scrubbing  solution  is  regenerable. 

Disadvantages 

1)  Cost  of  the  Wei lman-Lord  plant  is  much  higher  than  other  competing 
F6D  processes. 

2)  "Black-box"  blowdown  solution  regeneration  system  is  not  yet  proven. 

3)  No  provisions  for  disposal  of  scrubber  blowdown  are  made. 

Commercial  Installations 

More  than  two  dozen  Wei lman-Lord  Process  units  were  on-stream  as  of  late 
1977  in  the  U.S.  Most  of  these  are  located  in  Japan,  with  U.S.  facilities 
owned  by  Chevron,  01  in,  Allied,  and  Northern  Indiana  Public  Service  Company. 
Start-ups  have  recently  been  completed  on  three  units  for  the  Public  Service 
Company  of  New  Mexico,  two  of  which  are  350  MW  coal-Yired  boilers  and  one  550 
MW  coal  fired  boi ler . 

Licensor 

DM  International,  Inc. 
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PROCESS  ECONOMIC  SURVEY 


System  Size 

Fuel 

SO2  Removal 

Total  Capital  Investment 

(Capital  investment  plus  working  capital) 

Total  Operating  Costs 

(Direct  plus  indirect) 

Utility  Requirements 
Natural  gas 
Steam 

Heat  Credit 
Process  water 
Power 


500  MW 

Coal  (3.5%  S) 

90% 

42.4  MM  $ 

18.2  MM  $ 


1.40  MM  SCFD 

244  M  lb/hr 

7.18  MM  Btu/hr 

18,900  GPM 

8740  kw 
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SHELL/UOP  PROCESS 

Process  Description 

The  Shell  Flue  Gas  Desulfurization  Process  is  a  dry  metal  oxide  process 
based  on  the  ability  of  copper  oxide  to  react  with  SO?  in  a  flue  gas  and  to 
be  regenerated  by  hydrogen  reducing  gas.  The  end  product  of  the  process  can 
be  sulfur,  SO?  or  sulfuric  acid,  depending  on  available  markets  and  other 
economic  considerations.  (Figures  A5-3  and  A5-4). 

The  adsorption  reaction  occurs  in  a  set  of  specially  designed,  parallel 
passage,  fixed  bed  reactors  according  to  the  following: 

2CuO  +  0?  +  2SO2  --->  2CuS04 
The  reactors  operate  at  about  750°F.  Because  the  process  centers  around 
fixed  beds  that  must  be  regenerated,  a  swing  mode  of  operation  using  multiple 
reactor  vessels  is  employed.  When  the  majority  of  the  copper  oxide  in  an 
acceptor  has  been  converted  to  copper  sulfate,  the  750°F  regeneration  cycle 
begins.  Hydrogen  reducing  gas  is  passed  through  the  vessel.  SO?  is 
released  according  to  the  following  reaction: 

CuS04  +  2H?  — >  Cu  +  SO?  +  2H?0 

Any  CuO  which  is  unused  during  SO?  adsorption  is  reduced  back  to 
copper: 

CuO  +  H?  --->  Cu  +  H?0 

The  copper  is  then  regenerated  according  to  the  reaction: 

2Cu  +  0?  --->  2Cu0 
Hydrogen  for  the  regeneration  step  may  be  generated  from  a  reforming  unit 
or  other  source.  In  addition,  steam  is  required  for  purging  the  reactors 
between  regeneration  and  adsorption  steps.  Any  N0X  in  the  flue  gas  can  be 
reduced  to  free  nitrogen  by  injecting  a  small  amount  of  ammonia  into  the  fixed 
bed  during  the  adsorption  part  of  the  cycle.  Over  60  percent  of  the  N0X  can 
be  reduced  with  an  incremental  capital  cost  of  10  percent. 
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FIGURE  A5-4 
SHELL/UOP  PROCESS 


SO?  Absorption 

2CuO  +  02  +  2S02  — >  2CuS04 
(copper  oxide)       (copper  sulfate) 


Regeneration 

C11SO4  +  2H2  —  >  Cu  +  S02  +  2H20 

2Cu  +  0?  --->  2CuO 
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The  S02«rich  regeneration  offgas  generates  low  pressure  steam  in  a 
waste  heat  boiler,  then  is  sent  to  a  gas  holder  to  dampen  flow  surges  from  the 
cyclic  adsorption  system.  The  gas  is  compressed  and  water  condensed  and 
separated  from  the  recovered  SO2.  The  condensed  water  may  be  used  for 
boiler  feedwater.  This  gas  holder /gas  compressor  system  is  less  energy 
intensive  than  the  original  design  which  called  for  a  quench  of  the  S02~rich 
gas  stream  followed  by  steam  stripping  to  recover  and  concentrate  the  SO2. 
This  stream  is  sent  to  a  Claus  plant  for  sulfur  production.  Tail  gas  from  the 
Claus  unit  is  recycled  to  the  boiler. 

A  major  design  problem  with  the  Shell/UOP  Process  is  the  difficulty  of 
integrating  the  cyclic  behavior  of  the  fixed  bed  adsorption  scheme  with  the 
variable  SO2  load  from  the  boilers  and  the  relatively  inflexible  operation 
of  the  hydrogen  production  facility  and  the  Claus  plant. 

Advantages 

1)  The  process  is  regenerable,  leading  to  savings  in  cost  of  chemicals. 

2)  Sulfur  is  recovered  as  elemental  sulfur,  sulfuric  acid  or  SO2. 

3)  N0X  can  be  reduced  by  60  percent  to  free  nitrogen  during  the 
adsorption  part  of  the  cycle  with  the  addition  of  NH3. 

Disadvantages 

1)  Operating  complexity  involving  integration  of  swing  mode  SO2  accep- 
tor beds  with  continuous  conversion  is  a  potential  problem. 

2)  SO2  adsorption  occurs  at  750°F  which  would  require  modification  of 
the  boiler  design  or  flue  gas  reheat. 

3)  SO2  is  oxidized  to  a  metal  sulfate  and  then  reduced  to  both  the 
sulfur  and  the  metal.  Theoretically,  this  requires  4  moles  H2  per  mole 
SO2  to  produce  sulfur.  Process  inefficiencies  lead  to  an  actual  usage  of 
about  6  moles  H£  per  mole  SO2.  (This  is  nearly  three  times  that  required 
by  processes  that  do  not  oxidize  the  SO2  to  produce  sulfur.) 
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4)  A  waste  water   stream  containing  dissolved  SO2   is   produced. 

5)  UOP  has   guaranteed  90  percent  SO2  removal    on  certain   system  appli 
cations;   however,   obtaining  higher   removal    efficiencies  may  be  a  problem. 


Development  Status 

A  commercial-scale   unit  went  on   stream  in  mid-1973   at   the  SYS   (Showa 
Yokkaichi    Sekiyei)   Refinery   in  Japan.     This  partially   integrated   unit   consists 
of   two   adsorbers  operating  on  flue  gas   from  an   oil-fired   boiler   equivalent   to 
about  40  MW  of  capacity.     The   longest  period  of  continuous   operation   has   been 
two  months. 

A  completely  integrated   unit   applied  to   a  coal-fired   utility  has  yet   to 
be  built. 

Licensor 

UOP  -  Air  Correction  Division 


A5-12 


PROCESS  ECONOMIC  SUMMARY 


DESIGN  BASIS: 


500  MW,  3.5  percent  Sulfur  Coal 


SO2  Removal 


90  percent 


N0X  Removal 


70  percent 


Waste  Stream 


40  ppm  SO2  in  185  gpm  H2O 


UTILITY  AND  RAW  MATERIAL  REQUIREMENTS 


Electric  Power 
Fuel  Oil 
Steam  Credit 
Reducing  Agent  (H2) 
Raw  Materials  (NH3) 


10.9  MW 

40  MM   Btu/hr 
29.1   MM  Btu/hr 
265  MM  Btu/hr 
2,110   Ibs/hr 


Total   Utility  and  Raw  Materials  Costs   is  3.8  mils/kwh 


Capital    costs   are  not   available. 


• 
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DIAMOX  PROCESS 

Process  Description 

In  the  Diamox  process,  H2S  is  selectively  removed  from  sour  gas  by 
countercurrent  contacting  with  an  aqueous,  ammonia  solution  (Figure  A5-5). 
In  normal  sweetening  applications,  the  ammonia  concentration  in  the  wash 
solution  is  maintained  in  equilibrium  with  the  ammonia  in  the  gas  and 
therefore  practically  no  ammonia  is  removed  from  the  gas  in  the  H2S 
absorber.  The  ammonia  solution  enters  the  absorber  in  the  range  of  100°F, 
although  the  lower  the  operating  temperature,  the  greater  the  percent  of 
desulfurization. 

NH3  +  H2S^NH4  +  +  HS" 

The  rich  liquor  from  the  absorber  containing  dissolved  acid  gases  and 
NH3  enters  an  acid  gas  stripper  after  recovering  heat  from  the  stripper 
bottoms  solution.  In  the  acid  gas  stripper,  the  rich  liquor  is  heated  to 
expel  the  acid  gases;  however,  ammonia  is  retained  in  the  liquor  due  to  the 
temperature  and  reflux  at  the  top  of  the  stripper.  The  regenerated  solution 
is  cooled  and  recycled  to  the  H2S  absorber. 

The  stripped  acid  gas  contains  between  6-8  volume  percent  H?S  with 
the  balance  being  CO^,  with  slight  amounts  of  other  impurities  such  as  HCN, 
NH3  and  aromatics.  This  stream  is  routed  to  a  Stretford  unit  for  H^S 
removal  (see  Stretford  discussion  in  DEA  Process  Description.) 

Impurities  such  as  thermally  stable,  soluble  thiocyanates  and  formates 
accumulate  in  the  circulating  solution  and  will  reduce  the  desulfurization 
efficiency,  causing  corrosion,  if  they  are  not  continuously  purged  from  the 
system.  To  prevent  the  build-up  of  these  impurities,  part  of  the  ammonia 
recycle  solution  is  sent  to  an  ammonia  stripper.  Ammonia  vapor  flows 
overhead  and  is  combined  with  the  sour  gas  feed.  A  waste  purge  stream  leaves 
the  bottom  of  the  ammonia  stripper.  This  water  will  contain  organics  and 
ammonia  and  must  be  treated  further  before  reuse  or  disposal. 

Advantages 

1)  The  process  does  not  require  any  chemicals,  since  the  absorption 
liquor  is  generated  from  the  ammonia  present  in  the  sour  gas. 

2)  Commercial  plants  have  demonstrated  a  desulfurization  efficiency  of 
97  percent  on  coke  oven  gas. 
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Disadvantages 

1)  The  process  will  not  remove  organic  sulfur  compounds  such  as  carbonyl 
sulfide  (COS)  or  carbon  disulfide  (CS^). 

2)  Requires  a  Stretford  unit  to  remove  the  H2S  from  the  stripper 
overhead  stream. 

3)  The  technology  has  been  proven  commercially  only  in  a  coke  oven  gas 
application  in  Japan. 

4)  The  process  has  a  higher  capital  cost  than  treating  the  entire  MIS 
gas  stream  in  a  Stretford  facility. 

5)  There  is  a  waste  water  stream  which  must  undergo  treatment. 

6)  An  ammonia  absorber  would  have  to  follow  the  Diamox  absorber  to 
remove  ammonia  from  the  MIS  gas. 

Commercial  Plants 

The  Diamox  process  is  typically  used  for  treatment  of  coke  oven  gases. 
The  first  commercial  plant  went  on-stream  in  early  1974  at  Mitsubishi 
Chemical  Industries'  Kurosaki  Factory  and  processes  about  100,000  NM^/hr 
(3.73  x  106  SCFH)  of  coke  oven  gas.  The  largest  Diamox  plant  is  a  three 
train  unit  with  a  through  put  capacity  of  300,000  NM3/hr  (1.12  x  107  SCFH) 
of  coke  oven  gas. 
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FIGURE  A5-7 
DIAMOX  PROCESS 


H2S  ABSORPTION/REGENERATION 


NH3(aq)  +  H2S(g)  *  NH4+(aq)  +  HS  (aq) 
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PROCESS  ECONOMIC  SURVEY  (Typical) 


Flow  Rate 


Inlet  Sulfur  Concentration 


Sulfur  Removal 


Byproduct  Stream 


89  MMSCFD  of  coke  oven  gas 

4600  ppm 

97  percent 

32,000  lbs/day  molten  sulfur, 
99.9  percent  purity 


UTILITY  REQUIREMENTS 
Steam,  100  psig 
Electric  Power 
Cooling  Water,  86°F 
Boiler  Feed  Water 
Fuel  Gas 


33,000  lbs/hr 

1200  kw 

4,400  6PM 

22  GPM 

5.4  x  106  Btu/hr 


These  utilities  include  requirements  for  a  Claus  unit,  but  exclude  those  for  a 
tail  gas  treatment  unit. 

Capital  costs  are  unavailable  but  are  20  percent  higher  than  Stretford 
according  to  the  Licensor. 
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RECTISOL  PROCESS 

The  Rectisol  Process  accomplishes  acid-gas  removal  by  physical  absorption 
using  cold  methanol  as  the  solvent  (Figures  A5-8  and  A5-9).  The  higher  the 
partial  pressure  of  a  sour  component,  the  more  readily  it  is  absorbed  in  the 
solvent.  This  characteristic  makes  the  process  most  applicable  to  high 
pressure  gas  treating  where  appreciable  quantities  of  sour  components  are 
present. 

In  the  first  part  of  the  Rectisol  Process,  precooled  gas  at  a  minimum 
pressure  of  250  psig  is  sent  to  a  prewash  contactor  where  C4+  hydrocarbons 
and  water  are  removed  by  a  small  quantity  of  methanol.  The  gas  proceeds  to 
the  second  absorption  stage  where  the  bulk  of  the  CO2  and  H2S  are  washed 
out  with  a  large  quantity  of  cold  methanol.  Significant  amounts  of  C2  and 
C3,  as  well  as  small  amounts  of  C]_,  CO  and  H2  Are   also  absorbed.  The 
methanol  solution  containing  H2S,  CO2  and  some  hydrocarbons  is  let  down  in 
stages  to  flash  off  part  of  the  dissolved  components.  Most  of  the  dissolved 
hydrocarbons  are  recovered  and  returned  to  the  absorber  feed  gas. 

The  methanol  solution  is  flashed  further  to  atmospheric  pressure  and  then 
sent  to  a  hot  stripping  section.  In  this  stripping  section,  an  acid  gas 
containing  CO2,  H2S,  and  some  C1-C3  is  produced.  This  gas  and  the  gas 
from  the  atmospheric  flash  is  sent  to  Stretford  processing  units  for  recovery 
of  elemental  sulfur.  The  Stretford  Process  offgas  containing  some 
hydrocarbons  is  incinerated. 

Since  the  hydrocarbons  removed  from  the  feed  gas  in  the  prewash  section 
have  boiling  points  higher  than  methanol  or  form  azeotropes  with  it,  the 
straightforward  regeneration  of  the  loaded  methanol  is  not  possible.  Addition 
of  water  to  the  prewash  mixture  in  a  decanting  vessel  brings  about  a  phase 
separation,  with  methanol /water  as  the  heavy  phase  and  hydrocarbons  as  the 
light  phase.  Methanol  is  then  easily  separated  from  the  water  in  a  steam 
heated  distillation  column. 
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FIGURE  A5-9 


RECTISOL  PROCESS 


Physical  Solvent  Abosrption/Regeneration 

CH3OH(l)  +  H2S(g)  — >  CH30H(1)  +  H2S  (dissolved) 
(Methanol) 
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An  alternative  two-stage  processing  scheme  could  be  used  to  selectively 
remove  first  H2S  and  then  CO2.  This  would  produce  a  concentrated  H2S 
stream  suitable  for  processing  in  a  Claus  unit  rather  than  the  more  expensive 
Stretford  unit.  However,  a  two-stage  Rectisol  Process  would  involve 
significantly  more  capital  investment  and  operating  expense  than  the  single 
stage,  non-  selective  scheme  and  probably  more  than  offset  the  difference 
between  Claus  and  Stretford. 

Advantages 

1)  The  process  is  regenerable;  waste  disposal  and  reagent  costs  are 
greatly  reduced. 

2)  Solvent  has  a  very   low  freezing  point  which  would  be  an  advantage  if 
the  application  is  in  a  very   cold  climate. 

3)  The  process  is  well  proven. 

Disadvantages 

1)  Compression  of  the  feed  gas  to  a  pressure  over  250  psig  would  be 
required. 

2)  The  feed  gas  must  be  chilled  appreciably  (to  about  -30°C)  before 
entering  the  contactor. 

3)  C3+  hydrocarbons  are   absorbed  with  CO?  and  H2S  and  can  be 
recovered  only  with  difficulty. 

4)  Stretford  unit  required  due  to  low  H2S  concentration  in  acid  gas 
steam. 

Commercial  Installation 

There  are  36  operating  Rectisol  units  and  12  more  under  construction  with 
a  total  capacity  of  3.6  billion  SCFD.  Applications  have  been  in  the  following 
areas: 
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1)  Removal  of  C02,  H?S,  NH3,  HCN  and  higher  hydrocarbons  from 
crude  gas  produced  by  coal  gasification. 

2)  Removal  of  H2S,  COS  and  CO?  from  gas  produced  by  partial 
oxidation  of  hydrocarbons  to  yield  synthesis  gas. 

3)  Integration  of  gas  purification  with  low  temperature  plants  for  the 
removal  of  moderate  contents  of  acidic  components. 

Licensor 

Lurgi  Kohle  und  Mineralotechnik  GmbH 
Linde  AG 
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PROCESS  ECONOMIC  SUMMARY  (Typical  Case) 


^ 


Gas  Flow:  118  MM  lb/hr  acid  gas 

Pressure:  250  psig 

Sulfur  Recovery:  99+% 

Utility  Reguirements: 

Power,  Shaft  14  MW 

Steam  550  psig  215  t/hr 


Capital  Cost  (DFC)  =  $73MM 
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BENFIELD  PROCESS 

Process  Description 

The  Benfield  Process  is  a  chemical  solvent  process  used  to  absorb  CO?, 
H?S  and  COS  from  sour  gas  (Figures  A5-10  and  A5-11).  An  aqueous  scrubbing 
solution  containing  potassium  carbonate  (K2CO3)  and  special  Benfield 
additives  is  contacted  countercurrently  with  the  sour  gas  in  an  absorption 
column  at  a  pressure  of  at  least  150  psig.  The  potassium  carbonate  in 
solution  reacts  with  the  acid  gas  components  to  form  a  "complex"  with 
them: 

K2C03  +  H2S  ^-->  KHC03  +  KHS 

K2C03  +  C0?  +  H20  <::>  2KHC03 

At  the  absorber  operating  conditions,  carbonyl  sulfide  is  hydrolyzed  to 
carbon  dioxide  and  hydrogen  disulfide: 

COS  +  H20  ^-->  C02  +  H2S 

Treated  overhead  gas  can  be  used  as  turbine  fuel  combined  cycle  power 
plant. 

The  absorption  solution  holds  the  sour  components  in  a  chemically  until 
the  temperature  of  the  rich  solvent  is  increased  and  the  pressure  is  reduced 
to  near  atmospheric,  at  which  time  the  complex  is  decomposed  and  the  sour 
gases  are  released.  This  regeneration  process  is  accomplished  by  low  pressure 
steam  stripping.  The  scrubbing  solution  is  recycled  to  the  absorber  with 
makeup  solution  added  for  mechanical  losses.  The  recovered  sour  components 
are  fed  to  a  Claus  unit  for  sulfur  production. 

The  feed  gas  may  be  saturated  with  H2O  and  may  contain  substantial 
amounts  of  higher  hydrocarbons.  In  normal  applications,  acid  gas 
concentrations  range  from  5  to  50  percent.  The  temperature  of  the  feed  gas, 
although  not  critical,  is  usually  in  the  range  of  ambient  to  400°F.  Heat  in 
the  feed  gas  can  be  used  to  supply  all  or  part  of  the  process  heat 
requirements.  Selective  removal  of  H2S  from  CO?  plus  H2S  mixtures 
producing  an  H2S  enriched  stream  can  be  achieved  with  modifications  to  the 
general  Benfield  Process  scheme.  However,  this  requires  considerable 
additional  capital  investment  and  higher  operating  costs. 
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FIGURE  A5-11 
BENFIELD  PROCESS  CHEMISTRY 

H?S  Absorption/Regeneration 

ARS 
K2C03  +  H2S  ™>  KHC03  +  KHS 

REGEN 
(Potassium  Carbonate)   (Potassium  Bicarbonate) 

CO?  Absorption/Regeneration 


K2C03  +  H20  +  C02  £§§_>  2KHC03 
"  REGEN 


Carbonyl  Sulfide  Hydrolysis 
COS  +  H20  >  C02  +  H2S 
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Advantages 

1)  Process  is  regenerable;  waste  disposal  and  reagents  costs  are 
reduced. 

2)  Process  can  achieve  high  H2S  and  CO2  removals. 

3)  Process  can  selectively  remove  H2S  or  CO2;  however,  this  is 
expensive,  especially  with  low  H2S  concentrations. 

4)  Process  does  not  absorb  hydrocarbons 

Disadvantages 

1)  Absorber  operates  at  elevated  pressures,  usually  in  the  range  of  150 
to  2000  psig.  The  process  is  attractive  only  when  the  partial  pressure  of  the 
acidic  components  is  at  least  20  psi. 

2)  The  acid  gas  produced  must  be  treated  by  a  Stretford  Process. 

Commercial  Plants 

There  are  over  450  operating  units  including  26  units  for  natural  gas 
sweetening  and  over  150  units  serving  substitute  natural  gas  plants  for 
scrubbing  of  reformed  and  partial  oxidation  gases. 

Licensor 

Benfield  Corporation 
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PROCESS  ECONOMIC  SUMMARY 

Typical  Capital  Investment  (large  plant) 

$100  per  Mscfd  of  C02  +  H2S  removed 
Typical  Operating  Utility  Requirements 

(per  Mscf  of  C02  +  H2S  required) 

Regeneration  heat  50,000  -  130,000  Btu 

Power  (pumping)  1  -  2  Kwh 

Total  Cooling  Duty  50,000  -  100,000  Btu 

Chemical  Cost  Makeup  for  mechanical  losses  only; 

no  degradation 

The  economics  of  the  Benfield  Process  are  favored  by  high  partial  pressure  of 
C02  and  H2S.  In  usual  applications,  C02,  or  C02  and  H2S 
concentrations  range  from  5  to  50  percent. 

Capital  costs  and  utility  requirements  given  here  do  not  include  the  equipment 
and  utility  costs  necessary  for  compression  of  feed  gas  to  the  absorber  pres- 
sure. 
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DRY  SCRUBBING 

Process  Description 

Dry  scrubbing  refers  to  a  group  of  flue  gas  desulfurization  processes 
that  directly  produce  a  dry  product.  (Figures  A5-12  and  A5-13).  Usually,  one 
thinks  of  a  baghouse  using  a  dry  SO2  sorbent.  Baghouse  use  is  a  simple 
approach  in  which  the  sorbent  is  either  applied  to  the  baghouse  as  a  precoat 
or  injected  into  the  flue  gas  downstream  of  the  boiler.  The  latter  technique 
is  used  to  increase  the  residence  time  of  the  sorbent  in  the  gas  stream.  The 
sorbent  is  periodically  renewed  so  as  to  always  have  adequate  reactive  species 
in  contact  with  the  flue  gas.  An  alternative  approach  to  increasing  the 
contact  time  between  the  sorbent  and  flue  gas  is  to  employ  a  spray  dryer  in 
which  a  slurry  or  concentrated  sorbent  solution  contacts  the  hot  flue  gas. 
The  heat  from  the  gas  evaporates  the  water  and  the  basic  chemical  reacts  with 
the  SO;?  to  form  a  dry  powder.  The  product  is  collected  by  an  electrostatic 
precipitator,  cyclones,  or  baghouses.  Baghouses  have  the  advantage  of 
allowing  additional  contact  between  flue  gas  and  any  unspent  sorbent  leaving 
the  dryer.  The  products  are   captured  when  the  bags  are  shaken  during  the 
normal  operating  cycle. 

Many  sorbents  have  been  used,  among  which  are  Na2C03,  NaHC.03,  NaOH, 
CaC03,  and  Ca(0H)2-  The  sorbent  reacts  with  SO2  forming  sulfite  salts. 
Each  "caustic"  reactant  will  produce  a  dry  product  easily  captured  by  the 
baghouse. 

Dry  Sorbent/Baghouse  Processes 

Advantages 

1)  The  design  is  simple.  The  once  through  approach  eliminates  recycle 
streams. 

2)  ■  The  process  produces  a  dry,  easy  to  handle  product. 

3)  The  energy  requirement  is  low  relative  to  wet  scrubbing  processes. 
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Lime 

Hydrated  Lime 
Calcium  Carbonate 
Soda  Ash 
Caustic  Soda 
Sodium  Bicarbonate 


FIGURE  A5-13 


DRY  SCRUBBING  PROCESSES 


CaO  +  S02  — >  CaS03 


Ca(0H)2  +  S02  — >  CaS03  +  H20 


CaC03  +  S02  --->  CaS03  +  C02 


Na2C03  +  S02  — >  Na2S03  +  C02 


2NaOH  +  S02  — >  Na2S03  +  H20 


NaHC03  +  S02  --->  NaHS03  +  C02 


, 
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Disadvantages 

1)  Flue  gas  must  be  hotter  than  usual  (500°F,  260°C)  in  order  to  achieve 
SO2  removal  in  the  range  of  90  percent. 

2)  Sodium  based  sorbents  are  the  most  effective;  however,  the  dry  pro- 
ducts, Na2S03  and  NaHSC>3,  are  water  soluble  and  need  to  be  disposed  of 

in  an  environmentally  acceptable  manner. 

3)  Most  studies  indicate  that  high  SO2  removal  is  only  possible  at  low 
sorbent  utilizations. 

Commercial  Installations/Development  Status 

Although  no  full-scale  systems  have  been  sold  at  this  time,  sufficient 
data  have  been  obtained  from  testing  programs  to  establish  cost  parameters  for 
these  processes.  TRW's  Environmental  Engineering  Division  has  developed  a  FGD 
baghouse  design  for  a  500  MW  coal-fired  utility  boiler  based  on  typical 
utility  requirements. 

Spray  Dryer/Baghouse  Processes 

Advantages 

1)  The  simple  design  is  easy  to  operate  and  maintain. 

2)  The  process  produces  a  dry,  easy  to  handle  product. 

3)  Sorbent  residence  time  is  increased  over  baghouse  alone. 

4)  The  process  employs  the  only  method  of  utilizing  CaC03/Ca(0H)2 

in  a  dry  process  since  these  salts  are  not  sufficiently  reactive  to  be  used  in 
a  baghouose  alone. 

5)  Pilot  plant  tests  report  SO2  removal  efficiencies  of  90  percent 
with  high  sorbent  utilization. 

Disadvantages 

1)  The  waste  product  from  a  sodium  based  system  may  require  special 
handling  because  of  the  high  solubility  of  sodium  sulfite  (Na2S03)  and 
sodium  sulfate  (^SO^. 
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2)  Flue  gas  must  be  hotter  than  usual  (500°F,  260°C)  in  order  to  achieve 
90  percent  removal. 

3)  SO2  removal  levels  of  95%  have  not  been  achieved. 

Commercial  Installations/Development  Status 

Three  full  scale  spray  dryer  systems  have  been  sold  to  date,  two  in  North 
Dakota  and  one  in  Wyoming.  The  first  installations  are  scheduled  to  begin 
operation  in  mid-  to  late  1981. 

1)  Rockwell  at  Basin  Electric's  455  MW  Antelope  No.  2  (burning  0.68 
percent  sulfur  lignite)  will  have  a  once  through  soda  ash  (Na2C03)  process 
designed  for  62  percent  sulfur  removal. 

2)  Western  Precipitator  at  Otter  Tail  Power's  400  MW  Coyote  No.  1  (burn- 
ing 0.9  percent  sulfur  lignite)  will  be  a  lime/limestone  system. 

^  3)  Babcock  &  Wilcox  at  Basin  Electric's  500  MW  Laramie  River  Station 

Unit  3  (burning  0.54  percent  sulfur  coal).  This  process  will  be  a 
lime/limestone  system  designed  to  remove  85  percent  of  the  sulfur. 

Licensor 
None. 
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PROCESS  ECONOMIC  SUMMARY 


Design  Basis:  Laramie  River  Station  (500  MW,  0.54  percent  sulfur  coal) 


Gas  Flow  1,320,000  SCFM 

Inlet  S02  Concentration  530  PPMV 

S02  Recovery  85  percent 

Capital  Cost  $49,807,000  (1981  $) 

Chemicals  (Lime)  3300  lbs/day 

Electric  Power  2.451  MW 
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CITRATE  PROCESS 

Process  Description 

The  Citrate  Process  is  a  regenerable  flue  gas  desulfurization  process 
which  uses  sodium  citrate  to  absorb  SO2  from  flue  gas  (Figures  A5-13  and 
Figures  A5-15).  The  process  can  be  designed  to  remove  greater  than  90  percent 
of  the  inlet  SO2.  The  recovered  sulfur  species  can  be  converted  to 
elemental  sulfur  in  subsequent  processing  steps.  Several  process  developers 
offer  versions  of  this  process  which  differ  mainly  in  absorber  configuration, 
absorber  liquor  pumping  rates,  type  of  buffer,  operating  pH,  methods  of  H2S 
production,  and  methods  of  sulfur  separation.  The  basic  processing  sequence, 
however,  is  the  same  for  all  and  consists  of  SO2  absorption,  regeneration 
and  sulfur  separation,  sulfate  purge,  and  H2S  generation. 

The  Citrate  Process  employs  a  water  quench  to  cool  the  flue  gas  before  it 
enters  the  absorber.  The  gas  then  enters  an  absorber  where  it  is  scrubbed 
countercurrently  with  a  solution  consisting  mainly  of  sodium  citrate,  plus  a 
small  quantity  of  sodium  sulfate  which  builds  up  in  the  absorber  loop.  The 
primary  reactions  occurring  in  the  absorber  are: 
S02  +  H20  --->  HSO3-  +  H+ 
H  Cit-2  +  h+  --->  H  Cit- 

The  lean  SO2  solution  enters  the  tower  at  a  pH  of  4.0-5.0  and  leaves  at 
a  pH  of  3.5-4.5.  The  citrate  solution  acts  as  a  buffering  agent  permitting 
large  volumes  of  SO2  to  be  absorbed  without  a  significant  reduction  in  pH. 
Citric  acid  [HOClCf^COOH^COOH]  and  sodium  carbonate  are  added  to  the 
absorber  feed  as  necessary  to  maintain  this  pH  range  and  a  buffer 
concentration  of  0.5  M  citrate,  respectively. 

The  S02~rich  citrate  solution  is  pumped  directly  to  a  series  of 
regeneration  reactors,  where  it  is  contacted  countercurrently  with  an 
h^S-rich  gas  stream.  Although  process  vendors  do  not  agree  on  the  detailed 
chemistry  of  the  regeneration  process,  the  overall  reaction  is 
S02  (liq.)  +  2H2S  --->  3S  +  2H20 
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FIGURE  A5-15 


CITRATE  PROCESS 


Absorption 

S02  +  H20  --->  HSO3-  +  H+ 
(bisulfite) 

H  Cit-2  +  H+  — ->  H?  Cit" 


Regeneration  and  Sulfur  Separation 
S02(liq.)  +  2H2S  --->  3S  +  2H20 

Sulfate  Purge 

HSO3  +  1/2  02  — >  HSO4- 

(bisulf ate) 

3S203~2  +   2H+  — ->   2S04"2  +  H20  +   4S 
(thiosulfate) 

H?S  Generation 
H2  +  s  --->  H2S 
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The  product  gas  has  an  H2S  to  SO2  mole  ratio  of  2.06  to  1  providing  3 
percent  ^S  above  stoichimetric  requirements.  The  excess  h^S-rich  gas  out 
of  the  last  reactor  is  vented  to  the  boiler.  The  sulfur  slurry  out  of  the 
last  regeneration  reactor  is  pumped  to  a  sulfur  flotation  unit  where  the 
sulfur  is  separated  from  the  citrate  liquor  by  kerosene  or  air  flotation.  The 
buffered  solution,  essentially  free  of  elemental  sulfur,  is  recycled  to  the 
absorber  feed,  and  the  sulfur  slurry  is  continuously  removed  from  the 
flotation  cell.  The  slurry  then  passes  through  a  melter  and  a  decanter  for 
final  separation  of  molten  sulfur  from  the  regenerated  citrate  liquor. 
Product  molten  sulfur  for  disposal  or  sale  accounts  for  1/3  of  the  sulfur 
produced,  while  2/3  of  the  molten  sulfur  is  recycled  for  H2S  production. 

The  sulfate  purge  system  for  the  Citrate  Process  is  based  on  an  assumed 
oxidation  of  absorbed  sulfur  dioxide  ranging  from  about  1-4  percent.  The 
purge  system  could  operate  intermittently  whenever  analysis  indicated  high 
levels  of  sulfate  in  the  solution  or  on  a  continuous  basis  if  desired.  The 
sulfates  are   formed  according  to  the  following  reactions: 

HSO3-  +  1/2  °2  _"_>  HS04"  * 

3S203-2  +  2H  --->  2S04~2  +  H20  +  4S 

Sodium  sulfate  is  removed  from  the  citrate  solution  by  crystallization. 
The  solution  is  vacuum  crystallized,  centrifuged,  melted  to  redissolve  the 
hydrated  sodium  sulfate,  recrystallized,  and  dried  to  anhydrous  sodium 
sulfate. 

The  external  generation  of  H2S  is  a  unique  feature  of  the  Citrate 
Process.  Reducing  gas  or  commercially  pure  hydrogen  is  reacted  with  2/3  of 
the  product  sulfur  to  form  H2S  for  use  in  the  regeneration  step.  Since  the 
regeneration  reactor  operates  at  a  much  lower  temperature  than  the  H2S 
generation  step  and  unreacted  sulfur  vapors  will  condense  upon  cooling,  care 
must  be  taken  to  prevent  plugging  of  the  gas  lines  by  condensed  sulfur. 
Several  methods  have  been  proposed  for  handling  this  problem. 

Advantages 

1)  Over  95  percent  SO2  removal  efficiencies  are  possible. 

2)  Process  is  regenerable;  sodium  sulfate  and  sulfur  produced  as  by-  & 
products. 
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Disadvantages 

1)  Unknown  aspects  of  the  process  chemistry  present  a  potential  limita- 
tion to  scale-up  of  the  regeneration  reactors. 

2)  Precipitation  or  condensation  of  sulfur  in  various  parts  of  the  sys- 
tem lead  to  plugging. 

3)  Low  service  factors. 

4)  Uncertainties  lie  in  the  use  of  reducing  gas  to  generate  H2S. 

5)  Scale-up  has  not  been  demonstrated  for  the  kerosene  addition  separa- 
tion system. 

6)  A  potential  hydrocarbon  emission  problem  exists  with  the  use  of  kero- 
sene in  the  sulfur  flotation  unit. 

7)  High  capital  and  operation  costs  for  the  regeneration  section  rela- 
tive to  other  wet  regenerable  processes. 

Commercial  Installations/Development  Status 

The  U.S.  Bureau  of  Mines  pioneered  the  development  of  the  Citrate  Process 
with  development  work  also  being  done  by  Arthur  G.  McKee  and  Co.,  Peabody 
Engineering,  and  Pfizer,  Inc.  No  commercial  installations  exist  at  this  time. 
The  Bureau  of  Mines  has  operated  a  0.5  MW  pilot  plant  since  1974  at  the  Bunker 
Hill  Lead  Smelter  in  Kellogg,  Idaho.  The  feed  gas  to  the  pilot  plant  was  1000 
SCFM  with  0.5  percent  SO2.  Consistent  SO2  removal  efficiencies  of  96-99 
percent  were  obtained.  The  longest  continuous  run  was  30  days.  A  1  MW  pilot 
plant  was  operated  by  McKee,  Peabody,  and  Pfizer  in  1974.  The  feed  gas  was 
2000  SCFM  of  flue  gas  containing  1000-2000  ppm  S02.  Although  consistent 
SO2  removal  efficiencies  of  95-97  percent  were  attained;  the  longest 
sustained  run  was  180  hours.  A  60  MW  demonstration  plant  is  currently  under 
construction  at  the  St.  Joe  Zinc  Co.  power  plant  in  Monaca,  Pennsylvania.  The 
plant  will  treat  456,000  SCFM  of  gas  with  1900  ppm  S02. 

Licensor 

None. 

A5-41 


Economics 

Utility  and  raw  material   requirements   for   the  Citrate  Process   have  been 
determined;   the  total    annual    costs   in    1976  dollars   are  $3.8  MM.     This   value   is 
for   a  500  MW  coal-fired  boiler   in  which  the  feed  coal   contains  3.5  weight 
percent   sulfur.     The  percent  SO2  removal    in  the   system  was   not   quoted. 
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MAGNESIA  WET  SCRUBBING  PROCESS 

Process  Description 

The  Magnesia  Wet  Scrubbing  Process  uses  magnesium  oxide  to  absorb  SO2 
in  a  wet  scrubber  (Figures  A5-16  and  A5-17).  The  aqueous  slurry  of  magnesium 
sulfite  formed  in  the  scrubber  is  dried  and  calcined  to  regenerate  magnesium 
oxide  and  produce  an  SC^-rich  gas  stream.  This  gas  stream  can  be  used  to 
produce  sulfuric  acid  or  elemental  sulfur.  Sulfur  dioxide  removal 
efficiencies  of  over  90  percent  have  been  demonstrated.  The  basic  Magnesia 
Scrubbing  process  consists  of  four  major  sections:  SO2  absorption, 
MgS03/MgS04  separation  and  drying,  MgO  regeneration  and  SO2  recovery, 
and  sulfur  production. 

An  aqueous  slurry  of  magnesium  hydroxide  and  magnesium  sulfite  (pH  range 
6.5-8.5)  is  used  to  absorb  the  SO2  according  to 

Mg(0H)2  +  S02  — >  MgS03  +  H20 
MgS03  +  H20  +  S02  --->  Mg(HS03)2 

Sulfite  oxidation  gives  rise  to  sulfates  by  the  following  reaction: 

MgS03  +  6H20  — >  MgS03-6H20 
MgS03  +  3H20  --->  MgS03-3H20 
MgS04  +  7H20  -  — >  MgS04-7H20 

The  bisulfite  in  the  spent  scrubbing  liquor  is  reacted  with  magnesium 
hydroxide  which  is  formed  by  slaking  the  magnesium  oxide  in  the  fresh 
magnesium  oxide  slurry  stream: 

MgO  +  H20  --->  Mg(0H)2 
Mg(0H)2  +  Mg(HS03)2  +  4H20  — >  2(MgS03-3H20) 
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FIGURE  A5-17 


MAGNESIA  WET  SCRUBBING  PROCESS 


Absorption 

Mg(OH)2  +  S02  —  MgS03  +  H20 
Mg(S03)  +  H20  +  S02  ---  Mg(HS03)2 
Mg(S03)  +  1/2  H20  — MgS04  +  H2 

MgS03/MgSQ4  Separation  and  Drying 
Mg(S03)  +  6H20  --->  MgS03  •  6H20(2) 
Mg(S03)  +  3H20  --->  MgS03  •  3H20(s) 
MgS04  +  7H20  --->  MgS04  -7H20(s) 

MgO  Regeneration  and  SO?  Recovery 

MgS03  — >  MgO  +  S02 

MgS04  +   1/2  C  --->  MgO  +  S02  +   1/2  C02 

Regeneration  of  Scrubbing  Liquor 
MgO  +  H20   — >  Mg(0H)2 

Mg(0H)2  +  Mg(HS03)2  +   4H20  — >   2(MgS03   •    3H20) 
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After  absorption  of  SO2  in  the  scrubber,  a  portion  of  the  slurry  from 
the  main  scrubber  circulation  loop  is  removed  and  sent  to  a  centrifuge,  where 
50  percent  of  the  incoming  solids  are  separated.  The  wet  solids  then  go  to  a 
dryer  and  are   dried  by  combustion  gases  from  an  oil  burner. 

The  dried  MgSC^/MgSC^  solids  are  heated  in  an  oil-fired  rotary  kiln 
or  fluidized  bed  reactor  to  decomposition  as  shown  below: 

MgS03  --->  MgO  +  SO2 

The  MgS04  is  also  reduced  in  this  calciner  using  carbon  as  a  reducing 
agent: 

MgS04  +  1/2  C  >  MgO  +  S02  +  1/2  CO2 

The  MgO  is  then  recycled  to  the  absorption  recycle  loop.  The  sulfur 
dioxide-rich  gas  from  the  calciner  is  piped  to  either  a  sulfur  or  sulfuric 
acid  production  unit. 

Advantages 

1)  Process  is  regenerable;  waste  disposal  and  reagent  costs  are  greatly 
reduced. 

2)  The  central  regeneration  facility  could  serve  several  FGO  scrubber 
f aci lities. 

Disadvantages 

1)  High  energy  costs  required  due  to  drying  and  thermal  regeneration 
steps. 

2)  High  L/G  ratio  required. 

3)  The  centrifuge  is  a  problem  area. 

4)  A  separate  chemical  or  acid  plant  is  required  for  SO2  recovery. 

5)  The  process  would  utilize  only  a  small  amount  of  briny  water  in  the 
quench  section. 
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Commercial  Installations/Development  Status 

The  Magnesia  Wet  Scrubbing  Process  has  been  proven  to  be  feasible  on  a 
demonstration  scale.  The  scrubbing  units  are  typically  designed  for  90 
percent  SO2  removal.  Three  Japanese  units  (25-160  MW)  have  shown  an  SO2 
recovery  of  over  90  percent.  Three  950-150  MW  retrofit  pilot  units  in  the 
U.S.  have  demonstrated  90  percent  SO2  recovery  on  both  oil-fired  and  coal- 
fired  boilers.  The  units  in  the  U.  S.,  however,  have  suffered  from  low  system 
rel iability. 

Licensor 

United  Engineers  &  Constructors,  Inc. 

Economics 

Utility  and  raw  material  requirements  for  the  Magnesia  Wet  Scrubbing 
Process  have  been  determined  with  both  sulfur  and  sulfuric  acid  production. 
The  annual  utility  and  raw  material  costs  in  1976  dollars  are  $6.1  MM  for  the 
sulfur  production  case,  and  $3.3  MM  for  the  sulfuric  acid  production  case. 
These  values  correspond  to  90  percent  SO2  removal  of  the  gas  from  a  500  MW 
coalfired  boiler.  The  coal  feed  to  the  system  contains  3.5  weight  percent 
sulfur. 
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SODA  ASH  SCRUBBING  PROCESS 

Process  Description 

The  Soda  Ash  Scrubbing  Process  utilizes  an  aqueous  sodium  carbonate 
solution  to  absorb  sulfur  dioxide  from  flue  gas  (Figures  A5-18  and  A5-19). 
Also  known  as  the  Aqueous  Carbonate  Process  (ACP),  the  process  can  remove 
90-95  percent  of  the  SO2  in  the  flue  gas  streams  from  coal-fired  power 
plants.  The  dry  scrubber  product  is  treated  to  regenerate  the  scrubbing 
solution  and  to  produce  elemental  sulfur.  Two  features  unique  to  this  process 
are:   (1)  the  use  of  a  spray  dryer  as  an  SO2  scrubber  (this  produces  a  dry, 
granular  salt  mixture  suitable  for  regeneration);  and  (2)  complete  reduction 
of  the  sodium  salts  in  a  molten  pool.  The  technology  for  the  regeneration  and 
sulfur  production  steps  is  based  upon  established  practices  in  the  pulp  and 
paper  and  chemical  industries.  The  process  can  be  divided  into  five  sections: 
gas  cleaning,  reduction,  quenching  and  filtration,  carbonation,  and  sulfur 
production. 

The  SO2  scrubbing  and  product  collection  equipment  is  combined  in  the 
gas  cleaning  section.  This  employs  a  spray  dryer  for  SO2  scrubbing  and  a 
bank  of  cyclones  in  series  with  an  electrostatic  precipitator  for  product 
collection  and  final  particulate  removal  from  the  gas  stream. 

Flue  gas  enters  the  spray  dryer  scrubber  at  temperatures  typically 
between  250°  and  350°F.  Care  must  be  taken  to  insure  the  gas  remains  above 
the  dewpoint  temperature  to  prevent  condensation.  Here  the  gas  is  contacted 
with  atomized  droplets  of  Na2S03  solution.  These  droplets  are  typically 
generated  by  high  speed  centrifugal  atomizers  and  driven  outward,  in  crossflow 
to  the  flue  gas. 

In  the  scrubber,  gaseous  SO2  is  absorbed  into  the  liquor  where  it 
reacts  with  Na2C03  to  form  sodium  sulfite  (Na2S03)  as  shown  below: 

S02(g)  +  Na2C03(aq)  — >  Na2S03(aq)  +  C02(g) 
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FIGURE   A5-19 
SODA  ASH  SCRUBBING  PROCESS 

Gas  Cleaning 

502  +  Na2C03(aq)    — >  Na2S03(aq)   +  C02 
Na2SC>3(aq  +  s)    +  1/2  02  --->  Na2SC>4(aq  +  s) 

503  +  Na2C03(s)    — >  Na2S04(s)   +  C02 

Reduction 

Na2S03(l)   +  3/2C  — >  Na2S(l)   +  3/2C02 
Na2S04(l)   +  2C  — >  Na2S(l)   +  2C02 
C  +  Oo  —  >  CO? 
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In  addition  to  this  primary  reaction  the  following  reactions  produce 
sodium  sulfate   (Na2S04): 

Na2S03(aq  +  s)   +  1/2  02  —  >  Na2SC>4(aq  +  s) 

S03(g)   +  Na2C03(s)   — >  Na2S04(s)   +  C02(g) 

The  product  mixture  formed  by  these  reactions  is  usually  about  60  percent 
sulfite,  20  percent  sulfate,  and  20  percent  unreacted  carbonate,  by  weight. 
Typical  liquid-to-gas  (L/G)  ratios  for  this  operation  are  near  0.3  gal/1,000 
scf.  Because  of  the  low  liquid  rate,  insufficient  water  is  present  in  the 
scrubber  to  saturate  the  gas,  so  that  the  spent  reactant  is  entrained  as  dry 
particles. 

Sulfur  dioxide-clean  flue  gas  exits  the  spray  dryer  and  is  routed  to  a 
bank  of  product  collection  cyclones,  where  the  majority  of  the  dry  particles 
are  removed.  Final  particulate  removal  is  accomplished  in  high  efficiency 
electrostatic  precipitators  in  which  particulate  emissions  are  limited  to  0.01 
grain/  scf  or  less.  Spent  reactants  from  both  the  cyclones  and  precipitator 
are  collected  and  sent  to  the  reduction  section. 

The  dry  product  collected  in  the  gas  cleaning  system  is  sent  to  the 
reducer  vessel.  This  vessel  contains  a  pool  of  molten  salts  at  temperatures 
between  1700°  and  1900°F.  Carbon  is  injected  in  the  form  of  petroleum  coke  or 
coal.  Combustion  air  is  bubbled  through  the  melt  from  injection  nozzles  in 
the  vessel  walls. 

In  the  molten  salt  pool,  the  following  reactions  are  known  to  take 
place: 

Na2S03(l)  +  3/2C(s)  — >  Na2S(l)  +  3/2C02(g) 

Na2S04(l)  +  2C(s)  — >  Na2S(l)  +  2C02(g) 

C(s)  +02(g)  — >  C02(g) 
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The  first  two  reactions  are  endothermic.  The  third  is  exothermic, 
however,  and  provides  heat  for  both  the  endothermic  reactions  and  system  heat 
losses.  The  mechanism  for  this  last  reaction  is  complex,  involving  sequential 
oxidation-reduction  of  the  sulfur-containing  salts  as  well  as  direct  oxidation 
of  carbon. 

The  C02~rich  offgas  from  the  reducer  is  sent  to  the  carbonation  section 
after  passing  through  the  recuperator,  waste  heat  boiler,  and  gas  cooling 
tower.  Reducer  melt  is  continuously  withdrawn  and  directed  to  the  quench/ 
dissolver  vessel. 

The  sodium  sulfide  melt  from  the  reducer  is  dispersed  into  fine  droplets 
by  steam  shatter  jets  and  dissolved  in  solution  near  its  boiling  point. 
Insoluble  material,  mostly  fly  ash  and  unreacted  coke,  is  filtered  out  at  this 
point  using  a  rotary  drum  vacuum  filter.  Sodium  is  recovered  from  the  ash 
filter  cake  using  a  simple  washing  technique.  Both  the  quench  and  filtration 
operations  are  considered  proven  technology  in  the  pulp  and  paper  industry. 

After  the  quench-f i ltration  step,  the  sodium  sulfide  liquor  is  contacted 
with  CC^-rich  reducer  offgas  in  a  series  of  carbonation  towers.  The 
technology  for  this  process  step  has  been  developed  in  the  pulp  and  paper 
industry  and  proven  processes  are  available.  The  originator  of  the  soda  ash 
process,  Atomics  International,  is  currently  developing  their  own  carbonation 
scheme  by  modifying  existing  technology.  The  details  of  their  carbonation 
process  are  proprietary.  The  process  reacts  the  CC^-rich  reducer  offgas  and 
the  sodium  sulfide  liquor  from  the  ash  filter,  and  produces  a  concentrated 
Na2C03  solution  for  recycle  to  the  gas  cleaning  subsystem  plus  an 
H2S-rich  Claus  plant  feed  gas. 

The  H2S  produced  in  the  carbonation  section  is  directed  to  a  Claus 
plant  for  conversion  to  elemental  sulfur.  Claus  technology  is  commercially 
available  but  has  not  been  tested  for  specific  application  with  this 
desulfurization  process.  The  Claus  plant  tail  gas  is  combusted  and  returned 
to  the  spray  dryer  for  treatment. 

The  spray  dryer  and  the  molten  salt  reactor  are  two  important  design 
areas.  The  key  to  reliable  operation  of  the  spray  dryer  is  efficient 
atomization  of  the  scrubbing  solution. 

Control  of  spray  dryer  operations  is  important  as  too  much  water  can 
cause  condensation  downstream  and  too  little  water  will  lower  the  efficiency 
of  the  atomizers  and  hence  reduce  the  ability  to  remove  SO2.  Operation  of 
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molten  salt  beds  in  reducing  atmospheres  has  historically  been  a  difficult 
process  operation.  The  developer  feels  that  operating  problems  are  likely  to 
occur  in  the  future  in  this  process  area. 

The  design  of  the  molten  salt  reducer  is  a  rather  complex  problem. 
Attempts  to  characterize  the  kinetics  of  the  reduction  reaction  have  not  been 
successful  as  the  reaction  goes  to  completion  before  a  sample  can  be  analyzed. 
At  the  present  time,  a  rather  conservative  approach  to  scale-up  of  this  vessel 
has  been  adopted.  Petroleum  coke  is  used  as  the  carbon  source  in  the  reducer. 
The  use  of  coal  as  a  carbon  source  would  be  desirable,  but  other  design 
problems  as  yet  undefined  could  arise  due  to  increased  amounts  of  fly  ash, 
chloride,  and  trace  contaminants. 

Advantages 

1)  The  technology  has  been  proven  in  the  pulp  and  paper  industry. 

2)  The  SO3  removal  is  high,  at  least  95  percent. 

3)  The  contact  solution  is  clear,  not  a  slurry. 

Disadvantages 

1)  Soda  ash,  the  reagent,  is  quite  expensive  and  operating  costs  are 
quite  high. 

2)  A  Claus  sulfur  recovery  unit  is  required. 

3)  The  process  has  not  been  demonstrated  commercially. 

Commercial  Installations/Development  Status 

An  entire  soda  ash  scrubbing  system  has  not  been  operated  in  integrated 
fashion  even  on  a  pilot  scale.  All  of  the  processing  steps,  however,  have 
either  been  tested  on  a  1000  SCFM  scale  or  are  considered  proven  technology  by 
the  developer.  It  is  not  known  whether  contaminants  from  one  area  will 
present  operational  problems  in  another. 
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Licensor 

Atomics  International. 

Economics 

Raw  material   and  utility  costs  have  been  estimated  for  soda  ash  scrubbing 
of  the  flue  gas  from  a  500  MW  coal-fired  unit  operating  on  coal   with  3.5 
weight   percent   sulfur  content.     The  total   costs  were  estimated  to   be  $3.21 
MM. 
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AMMONIA  SCRUBBING  PROCESS 

Process  Description 

The  Ammonia  Scrubbing  Process  is  a  regenerable  process  which  removes 
SO2  by  absorption  in  an  aqueous  ammonium  sulfite  ([NH4]2S03)  and 
ammonium  bisulfite  (NH4HSO3)  solution  (Figures  A5-2-  and  A5-21).  First 
the  flue  gas  flows  through  a  prewash  section  upstream  of  the  absorber  where 
the  gas  is  cooled  with  water  to  its  adiabatic  saturation  temperature.  The 
prewash  section  operates  with  an  independent  water  loop.  The  prewashed  flue 
gas  then  flows  to  a  staged  absorber  where  it  is  contacted  countercurrently 
with  the  scrubbing  solution  to  effectively  absorb  SO2  and  form  ammonium 
bisulfite. 

502  +  (NH4)2S03  +  H2  — >  2NH4HSO3 

Other  reactions  occurring  in  the  absorber  are  given  by  the  following: 
NH4HSO3  +  NH3  — >  (NH4)2S03 

503  +  (NH4)2S03  — >  (NH4)2S04  +  S02 
02  +  2(NH4)2S03  — >  2(NH4)2S04 

A  staged  absorber  is  used  to  produce  an  outlet  liquor  with  the  high 
ammonium  salt  concentration  necessary  for  regeneration  while  maintaining  low 
salt  concentrations  on  the  final  stage  to  reduce  ammonia  losses  and  the 
potential  formation  of  an  ammonium  salt  plume.  A  water  wash  after  the  top 
stage  can  be  used  to  further  reduce  ammonia  losses.  This  process  can  be 
designed  with  an  S02  removal  efficiency  of  up  to  99  percent  by  adding 
absorber  stages.  The  clean  gas  is  reheated  to  175°F  with  steam  before  it  is 
exhausted. 

The  product  liquor  from  the  bottom  stage  of  the  absorber  is  fed  to  the 
acidulator  where  ammonium  bisulfate  (NH4HSO4)  reacts  with  the  liquor  to 
release  S02: 

NH4HSO3  +  NH4HSO4  — >  (NH4)2S04  +  H20  +  S02 
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(NH4)2S03  +  2NH4HSO4  — >  2(NH4)2S04  +  H20  +  S02 

A  slight  excess  of  bisulfite  is  metered  to  the  acidulator  to  insure 
complete  reaction  of  the  ammonium  ions  in  the  liquor. 

The  liquor  is  subsequently  stripped  with  either  air  or  steam  to  remove 
all  of  the  remaining  free  S02.  The  S02  gas  stream  produced  by  the 
acidulator  and  stripper  is  approximately  65  percent  S02  and  is  a  suitable 
feed  for  a  sulfuric  acid  plant  or  a  Claus  unit.  The  acidulated,  stripped 
liquor  is  heated  to  about  170°F  and  fed  to  the  crystallization  and  separation 
section  where  water  is  evaporated  and  ammonium  sulfate  crystals  are  produced. 
The  evaporated  water  is  condensed  and  recycled  to  the  absorber  along  with  any 
offgas  generated.  The  ammonium  sulfate  crystals  are  dewatered,  dried,  and 
sent  to  a  decomposer  designed  to  thermally  disassociate  the  ammonium  sulfate 
to  ammonium  bisulfate  and  NH3  at  about  700°F: 

(NH4)2S04  — >  NH3  +  NH4HSO4 

Approximately  85  percent  decomposition  is  accomplished.  The  ammonium 
bisulfate  is  fed  to  the  acidulator.  The  offgas  is  condensed  with  the  ammonia 
subsequently  stripped  out  and  absorbed  in  an  ammonia  absorber  for  recycle  to 
the  absorption  section. 

The  quantity  of  sulfate  crystals  produced  is  in  excess  of  that  required 
to  feed  the  thermal  decomposer  so  that  a  net  by-product  of  ammonium  sulfate 
results.  This  stream  should  be  relatively  pure  and  may  be  marketed  as 
fertilizer. 

Advantages 

1)  Most  of  the  ammonia  produced  in  the  MIS  process  could  be  consumed  in 
a  raw  form  to  produce  (NH4)2S04,  thus  reducing  the  cost  of  the  ammonia 
recovery  process. 

2)  The  process  makes  an  acidic  fertilizer  that  is  suited  for  Western 
soils. 
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FIGURE  A5-21 
AMMONIA  SCRUBBING  PROCESS 


SOo  ABSORPTION 


SO2  +  (NH4)2S03  +  H2°  >  2NH4HSO3 

(AMMONIUM  (AMMONIUM 

SULFITE)  BISULFITE) 


OTHER  ABSORBER  REACTIONS: 

NH4HSO3  +  NH3  — >  (NH4)2S03 

SO3  +  (NH4)2S03  — >  (NH4)2S04  +  S02 

(AMMONIUM 
SULFATE) 

02  +  2(NH4)2S03  — >  2(NH4)2S04 


ACIDULATION 


NH4HS03  +  NH4HS04  >  (NH4)2S04  +  H20  +  S02 

(AMMONIUM 
BISULFATE) 

(NH4)2S03  +  2NH4HS04  >  2(NH4)2S04  +  H20  +  S02 


THERMAL  DECOMPOSITION  (@  700°F) 

(NH4)2S04  — >  NH3  +  NH4HS04 
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Disadvantages 

1)  The  process  would  be  attractive  if  a  market  for  (NH^SC^ 

exists.  Otherwise,  it  will  consume  valuable  ammonia  while  creating  a  disposal 
problem. 

2)  The  potential  formation  of  an  ammonium  salt  plume  is  an  environmental 
consideration  unique  to  ammonia  processes.  The  discharge  of  a  plume, 
particularly  one  that  eventually  oxidizes  to  very   fine  ammonium  sulfate 
particles,  is  a  serious  process  liability. 

Note:  Further  study  is  being  done  with  respect  to  the  above  noted 

disadvantages.  If  the  study  should  prove  to  remove  or  diminish    the 
noted  disadvantages,  this  process  could  be  one  of  the  processes  of 
choice  for  SO2  control. 

Commercial  Plant/Development  Status 

TVA  has  operated  a  1.2  MW  pilot  plant  on  a  slipstream  from  a  coal-fired 
boiler  since  1968;  the  facility,  however,  is  not  totally  integrated.  The 
technical  feasibility  of  the  individual  unit  operations  of  this  process  has 
been  demonstrated  in  industrial  applications.  Nevertheless,  completely 
integrated  operation  of  the  TVA  pilot  plant  remains  to  be  demonstrated  before 
this  process  is  considered  for  full-scale  application.  The  operating 
complexity  and  plume  formation  of  the  absorber  and  design  of  the  thermal 
decomposer  are  special  problems  associated  with  this  process. 

Licensor 

None. 
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ECONOMIC  SUMMARY 


DESIGN  BASIS: 


SO2  Removal : 


500  MW  Coal-fired  boiler,  3.5 
percent   sulfur  coal 

90-99  percent 


Utility  and  Raw  Material  Requirements 


Electric  Power 


Steam 


Steam  (high  pressure) 


Reducing  Agent  (H2/C0) 


Raw  Materials  (NH3) 


27  MW 

62  MM  Btu/hr 
77  MM  Btu/hr 
92  MM  Btu/hr 
1,800  lb/hr 


Total  Utilities   and  Raw  Materials  Cost   is  2.5  mils/kwh 


No  Capital  Cost  Estimate  Available 
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ADIP/MDEA  AMINE   PROCESS 

The  Shell  ADIP/MDEA  gas  sweetening  process  employs  amine  solvents   in 
aqueous  solutions  to  selectively  remove  H^S  from  gas   streams  containing 
HpS  and  CCU-     Diisopropylamine  (ADIP)  and  methyl   diethanol amine  (MDEA) 
don't  react  with  CCL  as  readily  as  other  amines. 

ADIP/MDEA  Process 

The  overall   flow  scheme  for  the  ADIP/MDEA  process   is   presented   in  Figure 
A5-22.     Feed  gas  enters  the  absorber  at   95°F  and   13.4  psia.     A  two  stage 
absorber,   as   shown   in  Figure  A5-23,    is   used  to  produce  effluent   sour  gas 
richer   in  HpS  than  that  produced  by  a  single  stage  absorber.     Most  of  the 
HpS  in  the  feed  gas   is  removed  in  the  lower  section  of  the  absorber  and  sent 
to  the   lower  stripper  where  it   is  recovered  and  sent  to  a  Claus  sulfur  plant. 
The  upper  section  of  the  absorber  acts  as  a  polishing  section  to  reduce  the 
low  HoS  levels.     The  sour  gas  recovered  from  the  upper  stripper   is  recycled 
to  the  absorber   inlet. 

The  chemistry  for  the  ADIP/MDEA  process   is   presented   in  Figure  A5-24. 
MDEA  is  a  tertiary  amine  with  no  active  hydrogen   and  hence  doesn't  react 
chemically  with  CO?.     CO?  is  physically  absorbed   in  MDEA.     ADIP  is   a 
secondary  amine,  but  reacts  slowly  with  CO?.     Thus   the  absorption  of  CO? 
in  ADIP  is  controlled  kinetically  rather  than  by  equilibrium.     MDEA  absorbs 
less  CO?  than  ADIP,  but  the  circulation  rate  may  be  higher  because  of  lower 
H2S  absorption. 

The  ADIP/MDEA  process   is  capable  of  removing  97  percent  of  the  H?S. 
Some  of  the  organic   sulfur  would  probably  be  removed,  but  Shell  will   not 
guarantee  it.     Shell   says   in  two  of  their  own  plants   about   40  percent   carbonyl 
sulfide   is  removed. 

Claus  Sulfur  Plant 

The  sour  off -gas  from  the  lower  stripper   is   sent  to  a  conventional   Claus 
Sulfur  Plant.     The  feed  gas  stream   is  combined  with   sufficient  air  to  burn 
part  of  the  H?S  and  convert   it  to  SO?.     The  reactions  which  occur  in  the 
Claus  plant   are  presented   in  Figure  A5-25.     The  resulting  HoS  -  SO? 
mixture   is  reacted  over  a  Bauxite  catalyst  to  form  elemental    sulfur,  which   is 
then  condensed.     The  Claus  plant  recovers  only  94-96  percent   of  the  H?S  in 
the  feed  gas,   and  treatment  of  the  tail   gas   is  required. 
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Tail  Gas  Unit 

The  tail  gas  treating  unit  catalytical ly  reacts  a  reducing  gas  (CO  + 
Ho)  with  SO?  at  550°F  to  convert  the  SOo  to  H?S.  The  treated  tail  gas 
is  cooled  and  recycled  back  with  the  feed  to  the  ADIP/MDEA  absorber. 

Advantages 

1)  Capital  costs  are  low. 

2)  No  sludge  disposal  is  required  and  a  salable  byproduct,  elemental 
sulfur,  is  produced. 

3)  The  DIPA  and  MDEA  solvents  selectively  absorb  HoS,  but  little 
COo.  Hence,  solvent  circulation  rates  are  low,  and  a  conventional  Claus 
sulfur  plant  can  be  used  to  recover  the  sulfur. 

4)  Removal  efficiencies  are  comparable  with  Stretford. 

Disadvantages 

1)  ADIP/MDEA  solvents  may  absorb  little  or  no  organic  sulfur,  thus  the 
sulfur  removal  will  be  less  than  the  required  95  percent. 

2)  The  technology  is  unproven  in  this  application. 

3)  Impurities  may  react  nonregenerably  with  amines. 

4)  An  expensive  oil  scrubber  could  be  required  to  remove  oil  mist  which 
would  cause  foaming  of  the  amine. 

5)  Cooling  of  the  inlet  gas  increases  utility  costs  and  reduced  the 
thermal  efficiency  of  the  process. 

Commercial  Installations 

More  than  150  units  have  been  built  not  including  the  absorption  section 
of  SCOT  plants. 

Licensors 

Shell   Development  Company  licenses  the  ADIP  and  MDEA  processes.     Shell 
and  R.   M.  Parsons  Company  license  tail   gas  treating  processes. 
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FIGURE  A5-24 
ADIP/MDEA  CHEMISTRY 


ABSORPTION/REGENERATION 

R2NH  +  H2S  £  R2NH3S 

CH- 
R  IS-DT 

CH3 


ABSORPTION/REGENERATION 
R]R2N  +  H2S  t    R]R2NH2S 

R  IS  HO  -   CH2  -   CH2  - 

R1    IS  -CH3 
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FIGURE  A5-25 
CLAUS  AND  TAIL  GAS  UNIT  CHEMISTRY 


CLAUS 


TAIL  GAS 


S  +  o2  *  so2 

S02  +  2H2S  ^  3S  +  2H20 


S02  +  3H2  *    H2S  +  2H20 


~ 
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PEA  PROCESS 

Background  -  Amine  Treating 

Aqueous  monoethanol amine  (MEA)  and  diethanol amine  (DEA)  are  the  most 
widely  used  solutions  for  removal  of  hydrogen  sulfide  (HpS)  and/or  carbon 
dioxide  (CCO  from  industrial  gas  streams.  MEA  is  generally  used  in  natural 
gas  purification  while  DEA  is  usually  used  in  the  treatment  of  refinery  gas 
and  liquid  streams.  DEA  is  used  in  the  refinery  applications  because  MEA 
reacts  with  carbonyl  sulfide  (COS)  to  form  nonregenerable  components,  whereas 
DEA  does  not. 

The  process  is  based  on  the  reaction  of  H^S  and  C02  with  aqueous 
ethanolamine  solutions  and  a  reversal  of  the  reaction  at  the  boiling  point  of 
the  amine  solution.  The  reactions  of  the  sour  gas  components  with  DEA  are: 

2  R2NH2  +  H2S   «~   (R2NH3)2S 

(R2NH3)2  +  H2S    »-       2R2NH3HS 

2R2NH2  +  H20  +  C02  — *~  (R2NH3)2C03 

where  R  =  CH2  -  CH2  -  OH 

Description 

As  shown   in  Figure  A6-25,  the  MIS  gas   is  passed  upward  through  the 
absorber  countercurrent  to  the  aqueous  DEA  solution.  The  H2S  and  C02  are 
absorbed   in  the  ethanolamine  solution   and   leave  the  contractor   in  the  rich  DEA 
stream.     The  entering  DEA  solution   is   usually  about   100°F  but  can  be   as   high 
as   140° F. 

Rich  DEA  is   preheated   in   a  rich  solution/lean   solution  heat  exchanger 
before  being  charged  to  the  amine  regenerator.      In  the  regenerator,  the  acid 
gases   are  stripped  from  the  rich   solution  by  heating  to   220  -  260*F  along  with 
the  use  of  stripping  steam.     Stripped   acid  gases   and   stripping  steam  pass   to  a 
condenser  where  the  water  vapor  and  any  amine  are  removed   from  the  gas  stream 
and  returned  to  the  stripper   as  reflux.     The  acid  gas   stream   is  routed  to  a 
Stretford  unit  for  removal   of  the  H2S. 

Lean  DEA  from  the  stripper   is   first  exchanged   and  then  cooled  before 
returning  to  the  absorbers. 

The  Stretford   Process  removes  H2S  from  the  amine  regenerator  overhead 
stream.     As  shown   in  Figure  7,   low  H2S  contents  can  be  attained   in  the 
treated  gas   at  a  wide  range  of  operating  pressure  (0  -   1000  psig).     Hydrogen 
sulfide  removal   as  high  as   99  percent  may  be  obtained.     Sulfur  of  99  percent 
purity  can  be  produced  either  molten  or   as  a  cake.     The  process  can  be  divided 
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into  four  sections:  absorption  and  reaction,  oxidation,  sulfur  recovery  and 
purification,  and  effluent  treatment. 

In  the  absorption  section,  the  sour  gas  is  contacted  countercurrently  in 
an  absorber  with  slightly  alkaline  Stretford  liquor.  This  Stretford  solution 
contains  sodium  carbonate,  sodium  vanadate,  and  anthraquinone  disulfonic  acid 
(ADA).  The  hydrogen  sulfide  is  dissolved  and  absorbed  by  the  liquid  as  HS" 
ions,  resulting  in  a  liquid  phase  concentration  of  HS"  equal  to  about  500 
ppm  by  weight: 

H2S  -*-  HS"  +  H  + 

The  solution  reaches  an  equilibrium  with  respect  the  the  CO2  in  the  gas 
and  only  relatively  small  amounts  of  CO2  are  removed  by  the  process.  The 
treated  off -gas  from  the  absorber  should  contain  about  20  ppmv  H2S  under 
typical  operating  conditions.  Each  HS-  in  the  liquid  reacts  with  two 
V+5  (vanadium)  ions  in  the  liquor  to  produce  free  sulfur,  H+,  and  2 
V=4  ions: 


HS"  +  2V+5  — p-  S  +  2V+4 

The  Stretford  liquor  also  contains  trisodium  citrate,  which  acts  as  a 
sequestering  agent  to  prevent  precipitation  of  the  less  soluble  V4"4. 

The  liquid  solution  from  the  absorber  flows  to  the  oxidation  section 
where  compressed  air  is  bubbled  through  the  solution.  The  use  of  air  is 
two-fold.  First,  it  aids  in  the  recovery  of  sulfur,  since  the  sulfur 
particles  attach  themselves  to  the  air  bubbles  and  form  a  froth  at  the  top  of 
the  vessel.  The  froth  overflows  continuously  and  is  removed  from  the  oxidizer 
section  for  recovery  and  purification.  Second,  the  oxygen  in  the  air  converts 
the  V+4  back  to  V+5  via  oxidation  in  the  presence  of  the  disodium  salt 
of  ADA: 

V+4  +  02   >•  V+5 

ADA 

The  regenerated   liquor  containing  the  oxidized  form  of  vandadium  is   withdrawn 
and   recycled  to  the   absorber. 
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In  the  sulfur  recovery  section,  the  sulfur  froth   is   pumped  to  centrifugal 
separators  to  produce  a  50  weight  percent   sulfur  cake  and  a  clarified   liquor. 
A  portion  of  the   liquor  from  the  separator   is   used  for  res  lurrying  and  the 
remainder   is  added  to  the  Stretford  solution  recycle  stream.     The  Sulfur  cake 
is  fed  continuously  to  a  sulfur  res  lurry  tank.     Res  lurried  sulfur  is   then 
pumped  to  a  sulfur  melter  which  operates  with  a  direct  steam   injection.     The 
sulfur  is   allowed  to  settle   in   a  separator  and  subsequently  removed  from  the 
system.     A  portion  of  the  aqueous   phase   is  recycled  back  to  the  Stretford 
solution  makeup  section  and  the  remainder   is   sent  to  the  effluent  treatment 
section. 

As  gas   is  desulfurized  by  the  Stretford   process,  sodium  thiosulfate  and 
other  salts  build  up  in  the  solution.     To  prevent  salting  out,  a  portion  of 
the  absorbing  liquor  must  be  purged  from  the  system  and  replaced  with  fresh 
reagents.     Treatment  of  this  effluent  stream  will   be  necessary.     The  treatment 
can  be  accomplished  via  incineration. 

Advantages  DEA/Stretford 

1)  DEA  is  a  regenerable  process  -  waste  disposal   and  reagent  costs  are 
reduced. 

2)  The  Stretford  technology  has  been  proven. 

Disadvantates   -  DEA 

1)  Does  not  remove  organic  sulfur  compounds.     Most  of  the  organic   sulfur 
compounds   are  removed  from  the  MIS  gas  but  they  end  up   in  the  feed   to  the 
Stretford  unit  which  does  not  remove  any  of  the  organic  sulfur  compounds.     The 
net  result   is  zero  removal. 

2)  Non-selective  acid  gas  removal   process. 

3)  Sulfur  recovery  facilities,   such   as   a  Stretford  unit,  would  be 
required  for  H2S  conversion.     Extremely  large  steam  requirements  for  DEA 
regeneration. 

4)  Technology  is   unproven   in  this   application. 
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Disadvantages  -  Stretford 

1)  The  absorber  size  as  required   is   several   times   larger  than   any 
comercially  proven   absorber. 

2)  The  blowdown  liquor   incineration  system  as   proposed  by  the   licensor 
has  been  demonstrated  only  on  a  pilot  scale.     Details  of  the  system  are  not 
yet  available.     Other  recycle  systems  for  this   stream,    such   as   precipitaiton , 
are  equally  commercially  unproven.     Some  Stretford  operators  dilute  the  waste 
or  evaporate  the  water   in   a  solar   pond. 

3)  Reduction  of  the  feed  gas   temperature  to   the   absorber   is   a  critical 
design  consideration.     The  feed  gas  temperature  must   be  kept  at  or  below  the 
Stretford   liquor  temperature  (100  -  1 20 * F )  to  prevent   hydrogen  sulfide  from 
being  converted  to  a  thiosulfate.   This  cooling  requirement  of  the  feed  gas   can 
cause  increased  utility  costs. 

4)  Heavy  hydrocarbons   (C5     plus}  in  the  gas   stream  tend  to  absorb  on 
the  sulfur,  causing   sulfur  flotation  problems   in  the  oxidizer. 

Commercial    Plants 

The  DEA  process  has  been  used  commercially  in  refinery  gas   treating  for 
many  years.     General    applications  have  been   in  treating  sour  gas   streams  with 
favorable  H2S:C02  ratios  (ratios  near  or  greater  than   1). 
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Process  Evaluation  -  MIS   Gas  Treating 

The  H2S:    CO2  ratio  for  the  MIS  gas   is   approximately  0.006 
(   368.8  Moles/Hr  H?S). 
(58,836  Moles/Hr  C02). 

This   low  ratio  means   it   is   necessary  for  the  DEA  lean  solution  to  remove 
large  quantities  of  CO2  from  the  gas  stream  to   achieve  a  comparable  H2S 
removal.     The  specific   impacts  of  having  a  high  CO2  MIS  concentration  are: 

1)  Extremely  large  solution  recirculation  rates   -  necessitates  high 
pumping  horsepower. 

2)  Extremely  large  steam  requirements  for  the  amine  stripper. 

3)  Need  to  use  a  Stretford  acid  gas  treater  because  of  low  H2S 
concentrations   in   the  amine  stripper  overhead   (H2S  concentration     6 
-  8%  volume) . 

Since  Stretford  does  not  remove  organic  sulfur  compounds  from  the  MIS 
gas,   it   is  virtually  impossible  to   achieve  an  overall   95%  (by  weight)  sulfur 
removal   rate  using  this  technology. 
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FIGURE  A5-28 
STRETFORD  PROCESS 


ABSORPTION: 

H2S  f  HS"  +  H+ 

HS"  +  2V5  +   S  +  H+  +  2V4 


OXIDATION 


V+4+0?  ♦  V+5 

C   ADA 


ADA:  ANTHRAQUINONE  DISULFONIC  ACID 
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THE  STRETFORD  PROCESS 


PROCESS  DESCRIPTION  OF  STRETFORD  PROCESS 


The  Stretford  Process  is  a  process  for  the  sweetening  of 
natural  and  industrial  gases  by  the  removal  of  hydrogen  sulfide  (Figure 
A5-29) .  Low  H2S  contents  can  be  attained  in  the  treated  gas  at  a  wide  range 
of  operating  pressures  (0-1000  psig).  Hydrogen  sulfide  removal  as  high  as  99 
percent  may  be  obtained  on  an  instantaneous  basis.  Sulfur  of  99  percent 
purity  can  be  produced  either  molten  or  as  a  cake.  The  process  can  be  divided 
into  the  following  sections:  absorption  and  reaction,  oxidation,  sulfur 
recovery  and  purification,  and  effluent  treatment. 

In  the  absorption  section,  the  MIS  gas  is  contacted 
countercurrently  in  an  absorber  with  slightly  alkaline  Stretford  liquor.  This 
Stretford  solution  contains  sodium  carbonate,  sodium  vanadate,  and 
anthraquinone  disulfonic  acid  (ADA).  The  hydrogen  sulfide  is  dissolved  and 
absorbed  by  the  liquid  as  HS"  ions,  resulting  in  a  liquid  phase 
concentration  of  HS~  equal  to  about  500  ppm  by  weight: 

H2S  — >  HS"  +  H+ 

The  solution  reaches  an  equilibrium  with  respect  to  the  CO2 
in  the  gas  and  only  relatively  small  amounts  of  C02  are  removed  by  the 
process.  The  treated  off gas  from  the  absorber  should  contain  about  200  ppmv 
H2S  under  typical  operating  conditions.  Each  HS-  in  the  liquid  reacts 
with  two  V=5  (Vanadium  ions)  in  the  liquor  to  produce  free  sulfur,  H+, 
and  2  v+4  ions: 

HS"  +  2V+5  — >  S  +  H+  +  2V+4 

The  Stretford   liquor  also  contains  trisodium  citrate,  which 
acts   as   a  sequestering   agent  to  prevent  precipitationof  the  less  soluble 
V+4. 

The   liquid  solution  from  the  absorber  flows  to  the  oxidation 
section  where  compressed  air   is  bubbled  through  the  solution.     The  use  of  air 
is  two-fold.     First,   it   aids   in  the  recovery  of  sulfur,   since  the  sulfur 
particles   attach  themselves  to  the  air  bubbles   and  form  a  froth   at  the  top  of 
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the  vessel.  The  froth  overflows  continuously  and  is  removed  from  the  oxidizer 
section  for  recovery  and  purification.  Second,  the  oxygen  in  the  air  converts 
the  V+4  back  to  V+5  via  oxidation  in  the  presence  of  the  sodium  salt 
of  ADA: 

V+4  +  o2  — >  V+5 
ADA 

The  regenerated  liquor  containing  the  oxidized  form  of  vanadium 
is  withdrawn  and  recycled  to  the  absorber. 

In  the  sulfur  recovery  section,  the  sulfur  froth  is  pumped  to 
centrifugal  separators  to  produce  a  50  weight  percent  sulfur  cake  and  a 
clarified  liquor.  A  portion  of  the  liquor  from  the  separator  is  used  for 
reslurrying  and  the  remainder  is  added  to  the  Stretford  solution  recycle 
stream.  The  sulfur  cake  is  fed  continuously  to  a  sulfur  reslurry  tank. 
Reslurried  sulfur  is  then  pumped  to  a  sulfur  melter  which  operates  with  a 
direct  steam  injection.  The  sulfur  is  allowed  to  settle  in  a  separator  and 
subsequently  removed  from  the  system.  A  portion  of  the  aqueous  phase  is 
recycled  back  to  the  Stretford  solution  makeup  section  and  the  remainder  is 
sent  to  the  effluent  treatment  section. 

As  gas  is  desulfurized  by  the  Stretford  Process,  sodium 
thiosulfate  and  other  salts  build  up  in  the  solution.  To  prevent  salting  out, 
a  portion  of  the  absorbing  liquor  must  be  purged  from  the  system  and  replaced 
with  fresh  reagents.  Treatment  of  this  effluent  stream  will  be  necessary. 
The  treatment  may  be  accomplished  via  incineration. 

a)  Advantages 

1)  Instantaneous  hydrogen  sulfide  removal  is  high, 
approximately  97-99%. 

2)  The  technology  has  been  proven,  although  on  a  much 
smaller  scale  than  would  be  required  by  the  C.B.  facility. 

b)  Disadvantages 

1)     The  absorber  size  as   proposed  by  the   licensor  is 
several   times   larger  than   any  commercially  proven   absorber. 
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2)  The  blowndown  liquor  incineration  system  as  proposed 
by  the  licensor  has  been  demonstrated  only  on  a  pilot  scale.  Details  of  the 
system  are  not  yet  available.  Other  recycle  systems  for  this  stream,  such  as 
precipitation,  are  equally  commercially  unproven.  Some  Stretford  operators 
dilute  the  waste  or  evaporate  the  water  in  a  solar  pond.  The  new  RCRA  rules 
yet  to  be  published,  will  likely  dictate  the  method  of  disposal. 

3)  Reduction  of  the  feed  gas  temperature  to  the  absorber 
is  a  critical  design  consideration.  The  feed  gas  temperature  must  be  kept  at 
or  below  the  Stretford  liquor  temperature  (100  -  120°F)  to  prevent  hydrogen 
sulfide  from  getting  tied  up  as  thiosulfate.  This  cooling  requirement  of  the 
feed  gas  causes  increased  utility  costs. 

4)  Heavy  hydrocarbons  (C5  plus)  in  the  gas  stream  tend 
to  absorb  on  the  sulfur,  causing  sulfur  flotation  problems  in  the  oxidizer. 

5)  The  process  does  not,  to  any  significant  degree, 
remove  orgainic  sulfur  compounds  (e.g.  CS2,  COS,  CH3SH)  from  the  gas 

stream.  Therefore,  the  overall  sulfur  removal  is  a  funciton  of  the  quantities 
of  such  compounds  in  the  feed  gas. 

c)  Commercial  Installations 

Over  125  Stretford  units  are  currently  constructed  or  in  construction  with 
capacitites  ranging  from  0.1  to  500  MM  SCFD  per  unit. 

d)  Licensor 
Peabody  Process  Systems 

R.  M.  Parsons  Company 
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W  ORGANIC  SULFUR  CONVERSION/STRETFORD  PROCESS 

The  Stretford  process  is  limited  in  its  capability  to  remove  orgainic 
sulfur  compounds  from  the  flue  gas.  As  a  result  the  result  the  removal 
efficiency  for  sulfur  compounds  (including  hydrogen  sulfide)  is  about  95.5 
percent.  It  is  technically  feasible  to  remove  all  the  sulfur  compounds  to  a 
yery   low  level  by  the  use  of  a  Stretford  unit  followed  by  a  Beavon  Sulfur  Re- 
moval Plant  (BSRP)  which  combines  a  cobalt-molybdenum  catalyst  bed  with 
another  Stretford  unit.  (Figure  A5-30). 

The  first  Stretford  unit  will  remove  99.5  percent  of  the  hydrogen  sul- 
fide, leaving  most  of  the  organic  sulfur  species,  carbonyl  sulfide,  carbon 
disulfide  and  mercaptans.  This  initial  step  is  necessary  to  permit  the  cat- 
alytic hydrolysis  reaction  to  take  place  in  the  cobalt-molybdenum  catalyst 
bed,  because  the  presence  of  hydrogen  sulfide  inhibits  the  reaction.  With  the 
hydrogen  sulfide  removed,  the  catalytic  reaction  can  proceed  to  convert  the 
organic  sulfides  to  hydrogen  sulfide.  Then  the  following  Stretford  train  will 
remove  the  balance  of  the  hydrogen  sulfide. 

For  the  catalytic  reaction  to  proceed,  the  flue  gas  will  have  to  be  heat- 
&  ed  to  650°F  from  95°F  requiring  a  heater  and  heat  recovery  equipment  adequate 

to  transfer  about  on  billion  BTU/HR.  The  reactions  over  the  catalyst  may  be 
summarized  as  follows: 

COS  +  H2  — >  H2S  +  CO 
CS2  +  4H2  — >  2H2S  +  CH4 
R-SH  +  H2  — >  H2S  +  RH 

a)  Advantages 

1)  Organic  sulfur  compounds  can  be  removed  from  the  off-gas   allowing 
over  99  percent  sulfur  recovery  on  an   instantaneous  basis. 

2)  The  Stretford  process   is  commercially  well   established. 

3)  The  use  of  cobalt-molybdenum  catalyst  for  the  hydrolysis  of  sulfur 
compounds  has  been  demonstrated   in  many  applications. 

b)  Disadvantages 

1)       The  amount  of  catalyst  required   is  75,000  to  100,000  cubic  feet  for 
Cathedral   Bluffs.     At  $125/cubic  feet,   the  cost  for  catalyst  will   be 
about  $9,400,00  to  $12,500,000. 
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2)  The  required  gas  temperature  for  the  reaction  to  proceed  demands  a 
large  heater  and  a  large  cooler  to  cool  the  gas  to  a  satisfactory 
temperature  for  the  Stretford  unit. 

3)  The  catalyst  beds  will  have  about  1.5  pounds  per  square  inch 
pressure  drop,  thus  adding  19,800  BHP  to  the  overall  compressor 
energy  consumption. 

4)  The  process  will  cost  as  much  as  two  Stretford  processes;  plus  the 
cost  of  heaters,  fuel  and  waste  heat  boilers  to  handle  the  heat 
input  required;  plus  the  cobalt-molybdenum  catalyst  and  its  contain- 
ing vessels. 

5)  At  the  present  time  there  is  no  known  commercial  application  of  the 
Stretford -Catalyst -Stretford  train. 
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PROCESS  DESCRIPTION  OF  RESEARCH-COTTRELL  PROCESS 

The  Research-Cottrel 1  Process  for  flue  gas  desulfurization  is  a 
Double-Loop  Limestone  slurry  process  which  can  remove  95  percent  of  the  SO2 
in  the  flue  gas  (Figure  A5-31). 

The  system  is  designed  with  two  separate  sections  to  provide  two 
process  loops  operating  at  different  chemical  conditions  which  improve  reagent 
usage  compared  to  the  single  loop  limestone  process,  while  still  maintaining 
high  removal  of  SO2. 

The  absorber  loop  (see  Figure  A5-31)  is  maintained  at  a  pH  of 
about  6  by  varying  the  flow  and  the  solids  composition  of  the  limestone  slurry 
fed  to  the  top  of  the  packing  of  the  upper  section  of  the  absorber  tower.  The 
high  pH  favors  removal  of  SO2.  The  slurry  from  the  absorber  tower  is 
collected  and  returned  to  the  absorber  tank. 

The  quencher  loop  (see  Figure  A5-31)  is  maintained  at  a  pH  of 
about  4.5  by  varying  the  flow  of  makeup  limestone  slurry  from  the  absorber 
tank.  The  inlet  flue  gas  to  the  system  is  contacted  with  a  spray  of  limestone 
slurry  pumped  from  the  bottom  of  the  absorber  tank.  The  spent  slurry  (15% 
solids)  from  the  quencher/absorber  tank  is  removed  via  level  control  and  sent 
to  the  dewatering  section.  The  high  solids  content  and  low  pH  favor  reagent 
usage. 

The  flue  gas  flows  upward  through  the  quencher/absorber  tower, 
around  the  collection  pan  in  the  absorber  tower,  and  then  through  the  wetted 
film  contactor  and  demisters  in  the  upper  section  of  the  absorber  tower. 

The  oxygen  in  the  flue  gas  will  partially  oxidize  the  calcium 
sulfite  to  calcium  sulfate.  Oxidation  is  favored  by  the  lower  pH  in  the 
quencher/absorber  tower.  Air  can  be  injected  in  the  bottom  of  the 
quencher/absorber  tower  to  increase  the  formation  of  calcium  sulfate  from 
about  50%  conversion  to  complete  oxidation. 

Oxidation  changes  the  crystal  structure  from  flat,  plate-like 
CaS03  to  dense,  monoclinic  CaS04  particles.  Oxidation  improves  settling 
time,  filterability,  and  landfill  properties.  Calcium  sulfite  is  thixotropic, 
which  can  cause  disposal  problems  because  of  instability. 
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Water  is  removed  from  the  spent  slurry  by  cyclone  and  vacuum 
filters  to  provide  a  filter  cake  with  about  20%  free  water.  The  filter  cake 
is  mixed  with  spent  shale  from  the  surface  retorting  units  to  form  a  suitable 
landfill  material. 

Limestone  is  delivered  to  the  site  by  truck  and  unloaded  by 
conveyors  to  a  storage  shed.  The  limestone  is  then  conveyed  to  weigh  bins 
which  charge  ball  mills  that  pulverize  the  limestone  to  less  than  200  mesh. 
Water  is  also  fed  to  the  ball  mills  to  provide  a  pumpable  slurry  which  is 
stored  at  30-40%  solids  in  the  reagent  feed  tank.  The  slurry  is  pumped 
through  a  loop  to  the  absorber  tank. 

The  chemistry  of  the  Research-Cottrel 1  Process  can  be  separated 
into  three  steps:  absorption,  slurry  reaction  and  precipitation,  and 
oxidation.  In  the  absorption  step,  the  gaseous  sulfur  species  react  with  the 
absorbing  liquid  according  to  the  following  unbalanced  equations: 

S09?— >  HoS0o?—  >  3H+  +  HS0  "  +  SO-,"2 
2<"fl^      &2°~ 

S03<::::>  H2S04  (aq) 

The  limestone  (CaC03)  then  reacts  with  SO3-2  according  to 
the  following  unbalanced  equations: 

CaCO,-, — >  Ca+2  +  HCO  ~  +  CO  ~2 
3<r-q-  3  3 

Ca+2  +  S03"2  fJ-g->  CaS03-l/2H  02(s) 

The  calcium  sulfite  hemihydrate  can  then  be  oxidized  to  calcium 
sulfate  dihydrate  (gypsum): 

CaS03-l/2H20  +  l/202  +  3/2H20  >  CaS04«2H20  (s) 

The  two   loop  operation  results  in  full    utilization  of  the   limestone 

reagent   and  SO2  removal   rates  of  95  percent, 
a)       Advantages 

1)  The  process  has  been  proven  on   large  scale  power 
plants   in  the  U.S.A.     The  plants   are  several   hundred  megawatt  units   and  have 
been  onstream  for  several  years. 

2)  The  process  consumes   limestone  as   a  raw  material   which 
is   less  expensive  than   lime  or  soda  ash. 

3)  SO2  removal  of  95%  has  been  commercially 
demonstrated. 
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b)  Disadvantages 

1)  Relatively  high  capital  cost  is  associated  with  the 
process. 

2)  Slurry  circulation  of  limestone  is  used;  more 
maintenance  can  be  expected  as  a  result  of  plugging,  solids  deposition,  or 
abrasion. 

3)  Large  quantities,  of  limestone  must  be  transported  to 
the  jobsite. 

c)  Commercial    Installations 

A  Research-Cottrel 1    unit   is   in  operation   at  the  Choi  la 
station  for  Arizona  Public  Service  Co.     This   installation  has  operated  for 
approximately  3  1/2  years.     Another  Research-Cottrel 1   unit  has  been   in 
operation  since   1977  at  Texas  Utilities'   Martin  Lake  Steam  Electric  Station. 

d)  Licensor 
Research-Cottrel! 
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PROCESS  DESCRIPTION  OF  DAVY  SAARBERG-HOLTER  (S-H)  PROCESS 

The  Davy  Saarberg-Holter  (S-H)  Process  for  flue  gas  desulfurization  is  a 
wet  scrubbing  process  based  on  lime  (Figure  A5-32) .  The  process  can  remove  95 
percent  of  the  SO2  in  the  flue  gas.  The  Davy  S-H  Process  has  several  unique 
features  which  distinguish  it  from  conventional  lime/limestone  processes: 

1)  The  use  of  a  clear  alkaline  scrubbing  fluid  (not  a  slurry)  for 
absorption  of  SO2.  There  will  be  no  plugging,  solids  deposition,  or 
abrasion  in  the  scrubber. 

2)  The  system  uses  a  carboxylic  acid  to  buffer  the  scrubbing  fluid 
and  control  the  pH  drop  during  absorption.  This  allows  better  SO2 
absorption  and  higher  chemical  efficiency. 

3)  The  formation  of  a  water  soluble  intermediate,  calcium  bisulfite 
(Ca(HS03)2)  rather  than  insoluble  calcium  sulfite  hemihydrate  (CaS03* 
I/2H2O).  There  is  no  solids  formation  in  the  absorption  system. 

4)  The  production  of  gypsum  by  forced  oxidation  in  a  separate 
process  step. 

The  process  can  be  divided  into  three  main  parts:  absorption,  oxidation 
and  separation. 

The  flue  gas  entering  the  absorption  section  must  be  below  4008F. 

The  S02-rich  stream  is  contacted  co-currently  in  ROTOPART  absorber 
separators  with  a  clear  alkaline  scrubbing  solution  of  calcium  hydroxide, 
calcium  formate,  and  calcium  chloride.  These  materials  absorb  the  SO2  and 
form  the  water-soluble  intermediate  calcium  bisulfite  (Ca(HS03)2).  This 
compound  is  the  only  water-soluble  calcium  sulfur  oxide  compound  known,  and 
its  formation  in  substantial  concentrations  is  dependent  upon  the  pH,  pH 
buffering,  and  temperature.  The  ROTOPART  absorber  consists  of  one  or  more 
absorbing  ducts  sized  on  a  residence  time/velocity  criteria  basis.  The 
velocity  of  the  gas  in  the  absorber  should  be  low  enough  to  allow  time  for  the 
calcium  bisulfite  to  form.  However,  the  residence  time  must  also  be  short 
enough  to  prevent  significant  oxidation  of  the  calcium  bisulfite  to  gypsum, 
CaOS4-2H20,  because  oxygen  in  the  flue  gas  from  excess  combustion  air  is 
available  for  the  oxidation.  This  oxidation  reaction  is  undesirable  at  this 
point. 

Absorption  of  SO2  is  achieved  by  reaction  with  the  active  components  of 
the  washing  fluid  at  relatively  high  pH  (8-11): 
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20H-  +  2S02  — ->  2HS03-. 

As  OH"  ions  from  the  solution  are  consumed  in  the  absorption  reaction, 
an  abundance  of  H+  ions  are  made  available  through 

H20  — >  H+  +  OH". 

The  pH  of  the  solution  thus  drops  rapidly  to  4.5-5.0.  The  H+  ions  then 
react  with  formate  ions  (HC00~)  according  to 

HC00-  +  H+  — >HC00H. 

The  formic  acid  which  is  formed  serves  to  buffer  the  solution  at  4.5-5.0, 
the  pH  range  necessary  for  formation  of  calcium  bisulfite.  Formation  of 
molecular  HCOOH  is  enhanced  as  a  result  of  excess  H+.  By  preventing  a  rapid 
drop  in  pH,  a  high  SO2  removal  takes  place  in  the  pH  range  4.0-5.8.  After 
the  formate  ion  is  largely  consumed,  the  buffering  effect  is  weakened  and  the 
pH  of  the  absorbing  fluid  drops  to  approximately  4.0.  This  particular  acidity 
level  is  optimum  for  the  subsequent  forced  oxidation  step. 

The  desulfurized  flue  gas  from  all  the  absorbing  ducts  is  separated  from 
the  washing  fluid  in  the  ROTOPART  separator.  The  clean  gas  is  separated  from 
the  liquid  by  centrifugal  force  and  discharged  to  the  atmosphere.  The 
scrubbing  solution  is  sent  to  an  oxidation  system. 

In  the  oxidizers,  air  is  used  to  convert  calcium  bisulfite  to 
calcium  sulfate  dihydrate  (gypsum): 

Ca+2  +  2HS03"  +  20H"  +  Og — >  CaS04'2H20  +  S04"2. 

The  crystalline  calcium  sulfate  which  is  produced  by  oxidation  is  kept  in 
suspension  by  the  mixing  action  of  the  compressed  air.  The  oxidized  scrubbing 
fluid  overflows  into  a  mixing  channel.  In  this  channel,  slurried  lime 
(Ca(0H)2)  is  added  to  the  scrubbing  fluid  to  replenish  calcium  ions  consumed 
by  the  formation  of  gypsum  in  the  oxidizer  and  to  adjust  the  pH  value  to  that 
required  for  SO2  absorption: 

Ca(0H)2  — >  Ca+2  +  20H" 

2HC00H  +  20H"  — >  2HC00"  +  2H20. 
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The  sulfuric  acid  formed  in  the  oxidizer  is  converted  into  additional 
gypsum: 

+     -2+2 
2H  +  SO    +  Ca   +  20H  — >  CaSO  -2H  0. 
4  4   2 

A  small  amount  of  formic  acid  is  added  to  make  up  for  losses  of  the 
calcium  salt  in  the  wet  filter  cake  produced  downstream.   If  the  flue  gas  does 
not  contain  chlorides,  a  small  amount  of  hydrochloric  acid  is  also  added  to 
increase  the  solubility  of  calcium  hydroxide.  Turbulence  in  the  mixing 
channel  provides  thorough  distribution  of  the  added  chemicals. 

The  slurry  from  the  mixing  channel  is  sent  to  the  separation  section.  A 
thickener  is  used  to  separate  the  gypsum  crystals  formed  in  the  oxidizer  and 
mixing  channel  from  the  washing  fluid.  The  crystals  (10-30%  slurry)  are 
pumped  from  the  bottom  of  the  thickener  to  a  vacuum  filter.  The  vacuum  filter 
produces  a  gypsum  cake  containing  approximately  80%  solids  (20%  free  H2O). 
The  filtrate  is  recirculated  to  the  thickener.  The  clear  overflow  from  the 
top  of  the  thickener  is  recycled  to  the  R0T0PART  absorbers  as  a  scrubbing 
fluid. 

Since  the  gypsum  formed  by  the  process  is  precipitated,  calcium  ions 
removed  from  the  system  must  be  continually  replaced  by  the  addition  of  CaO. 
Additionally,  the  water  that  leaves  the  system  with  the  gypsum  contains  small 
amounts  of  calcium  hydroxide  required  for  absorption.  These  small  quantities 
are  periodically  added  to  the  system, 
a)   Advantages 

1)  The  capital  and  utilities  costs  are  low. 

2)  Evaporation  of  water  and  incorporation  of  water  into 
the  gypsum  matrix  is  a  natural  part  of  the  process.  This  would  utilize  briny 
water  separated  from  the  process  stream. 

3)  The  filter  cake  is  fully  oxidized  from  CaS03  to 
CaS04  and  is  thus  stabilized.  The  gypsum  sludge  behaves  as  a  conventional 
solid  and  is  not  thixotropic. 

4)  All  equipment  is  made  of  carbon  steel  except  for  one 
small  portion  which  is  coated  with  epoxy. 

5)  Lesser  daily  tonnages  of  reagent  (lime  rather  than 
limestone)  must  be  transported  to  the  jobsite. 
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b)  Disadvantages 

1)  Purchased  lime  as  the  raw  material  is  considerably 
more  expensive  than  limestone.  Alternatively,  purchased  limestone  could  be 
used,  but  energy-intensive  calcining  facilities  would  have  to  be  installed  and 
operated  at  the  jobsite. 

2)  The  application  of  this  process  is  not  as  extensive 
worldwide  as  some  of  the  other  processes. 

c)  Commercial  Installations 

The  first  demonstration  plant  on  Saarbergwerke  Wei  her  II 
power  plant  near  Dusseldorf,  West  Germany,  utilizing  the  Davy  S-H  Process  was 
constructed  in  1974  and  has  been  in  operation  over  20,000  hours,  treating 
80,300  SCFM  with  96%  reliability.  A  larger  S-H  unit  for  a  700  MW  coal -fired 
boiler  (Saarberwerke  Weiher  III)  has  been  in  operation  since  March,  1979. 
This  unit  treats  25%  of  the  flue  gas,  which  is  equivalent  to  175  MW.  An  even 
larger  S-H  unit  for  an  800  MW  plant  is  currently  under  construction  in 
Berlin. 

d)  Licensor 
DM  International,  Inc. 


A5-89 


UJ 
O 

o 
en 


CQ 

a: 


cj 

LU 
CO 

— 


§ 


CM 
CO 

I 
ID 


A5-90 


PROCESS  DESCRIPTION  OF  FMC  DOUBLE  ALKALI  PROCESS 

The  Double  Alkali  Process  is  a  dual  chemistry  process  (Figure  A5-33). 
Sulfur  dioxide  (SO2)  is  absorbed  from  flue  gas  in  an  absorber  designed  to 
allow  high  sulfur  dioxide  collection  efficiencies  (up  to  95%).  This  high 
collection  efficiency  is  achieved  with  a  pressure  drop  (less  than  5  in.  H2O) 
which  is  lower  than  that  of  the  other  FGD  systems  considered.  The  absorber 
contains  a  series  of  discs  and  donuts  over  which  the  scrubbing  liquor  flows 
countercurrent  to  the  gas  flow.  The  scrubbing  solution  is  a  clear, 
concentrated,  highly  reactive  solution  containing  sodium  sulfite  (Na2S03), 
sodium  bisulfite  (NaHS03),  and  sodium  sulfate  (^SO^.  As  SO2  is 
absorbed,  the  sodium  sulfite  is  converted  to  sodium  bisulfite  according  to  the 
following  reaction: 


Na2S03  +  S02  +  H20  — >  2NaHS03 


A  small  percentage  of  the  sodium  sulfite  also  reacts  with  oxygen  from  the 
flue  gas  to  form  sodium  sulfate,  depleting  the  sodium  in  the  system: 


2Na2S03  +  02  — >  2Na2S04. 


A  bleed  stream  is  taken  from  the  scrubbing  solution  recirculating  system 
in  the  SO2  absorption  loop  at  the  same  rate  (SO2  basis)  that  SO2  is 
being  removed.  The  bleed  stream  is  sent  to  the  regeneration  loop  where  the 
sodium  bisulfite  is  reacted  with  slaked  lime  (Ca(0H)2)  in  a  low  residence 
time  continuously  stirred  tank: 


4NaHS03  +  2Ca(0H)2  — >  2Na2S03  +  2CaS03-l/2H20  +  3H20 


The  reaction  of  lime  and  sodium  bisulfite  regenerates  sodium  sulfite 
which  is  returned  to  the  scrubbing  solution  recirculation  tank  for  reuse. 
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FIGURE  I  -  IV,  II 
DOUBLE  ALKALI  PROCESS 


S02  ABSORPTION: 


Na2S03  +  S02  +  H20  — >  2NaHS03 
(SODIUM  (SODIUM 

SULFITE)  BISULFITE) 


NaOH  +  S02  — >  NaHS03 


ACTIVE  NaHC03  +  S02  — >  NaHS03  +  C02 

SODIUM  (SODIUM 

MAKEUP  BICARBONATE) 


Na2C03  +  2S02  +  H20  — >  2NaHS03  +  C02 
(SODA  ASH) 


SULFATE  FORMATION  IN  SCRUBBING  SOLUTION 


Na2S03  +  l/202  — >  Na2S04 

(SODIUM  SULFATE) 


REGENERATION  OF  SCRUBBING  LIQUID 


4NaHS03  +  2Ca(OH)2  — >  2Na2S03  +  2CaS03-l/2H20)  +  3H20 
(SLAKED  LIME)  (CALCIUM  SULFITE) 
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Sodium  hydroxide  (NaOH),  sodium  bicarbonate  (NaHC03),  or  soda  ash 
(^003)  is  added  to  the  scrubbing  solution  as  makeup  for  loss  of  active 
sodium  from  the  system.  These  compounds  react  with  SO2  to  form  sodium 
bisulfite: 


NaOH  +  S02  — >  NaHS03 

NaHC03  +  S02  — >  NaHS03  +  C02 

Na2C03  +  2S02  +  H20  — >  2NaHS03  +  C02 


The  calcium  sulfite  (CaS03)  precipitate  is  fed  from  the  lime  reactor  to 
the  thickener  where  the  solids  are  concentrated. 

The  slurry  from  the  thickener  is  pumped  to  vacuum  filters  where  a  filter 
cake  consisting  of  55-70%  solids  is  formed  and  washed  to  minimize  the  amount 
of  entrained  soluble  sodium  compounds.  The  filter  cake  has  strength 
comparable  to  that  of  a  soft  to  medium  clay  and  could  be  used  for  landfill 
only  where  strength  and  settlement  considerations  are  of  little  importance. 
Alternatively,  the  calcium  sulfite  could  be  oxidized  to  calcium  sulfate 
(gypsum)  to  produce  a  more  stable  product  for  landfill.  However,  additional 
equipment  would  be  required  for  this  oxidation  step. 

The  scrubbing  solution  is  controlled  at  a  pH  of  6.5  where  the  sulfite/ 
bisulfite  solution  is  highly  buffered  and  can  readily  adapt  to  rapid  changes 
in  inlet  S02  concentrations  while  maintaining  removal  efficiency.  Above  a 
pH  of  7,  carbon  dioxide  absorption  becomes  significant  and  can  lead  to  calcium 
carbonate  scaling.  A  scrubbing  solution  pH  of  6  is  likewise  avoided  because 
the  vapor  pressure  of  the  sulfur  dioxide  increases  dramatically  with 
decreasing  pH  and  can  lead  to  equilibrium  limited  scrubbing  conditions  where 
low  outlet  sulfur  dioxide  concentrations  are  required. 

The  regeneration  of  sodium  bisulfite  with  lime  is  controlled  at  a  pH  of 
8.5  which  is  effectively  the  titrimetric  end  point  for  sodium  bisulfite. 

Operating  at  this  pH  assures  good  responsiveness  of  the  control  system, 
therefore  reducing  the  need  for  adding  excess  lime.  In  addition  to  poor 
chemical  utilization,  excessive  lime  results  in  poor  filter  cake  quality  and 
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substantially  higher  operating  costs.  Maintaining  the  high  dissolved  sulfite 
concentration  in  the  scrubbing  liquid  results  in  a  dissolved  calcium 
concentration  considerably  below  the  saturation  level.  This  condition 
eliminates  the  possibility  of  calcium  sulfate  scale  formation. 

A  major  difficulty  with  the  double  alkali  process  is  the  sodium  sulfate 
(Na2SC>4)  produced  in  the  scrubber  by  the  rapid  reaction  of  sodium  sulfite 
with  oxygen  in  the  flue  gas.  The  Na2S04  cannot  be  readily  regenerated 
into  an  active  sodium  form  by  reaction  with  lime.  Compositions  of  the  flue 
gas  and  of  the  solution  have  significant  effects  on  the  rate  of  sulfate 
formation.  High  oxygen  concentration  in  the  flue  gas  leads  to  excessive 
sulfate  formation  and  results  in  a  significant  increase  in  operating  costs  for 
soda  ash  makeup.  The  rate  of  net  soluble  sulfate  formation  is  reduced  by 
maintaining  a  high  ionic  strength  scrubbing  solution,  principally  in  the  form 
of  increased  sulfate  concentration.  Soluble  sodium  side-products  leave  the 
process  entrained  in  the  filter  cake.  Total  sodium  consumption  is 
approximately  2-5%  by  weight  of  the  SO2  collected  for  most  applications,  but 
can  be  over  10%,  depending  on  operating  conditions. 

a)  Advantages 

1)  The  capital  costs  are  low. 

2)  It  has  been  proven  in  the  U.S.A.  on  several  power 
plants. 

3)  A  clear  solution  contacts  the  gas  stream,  avoiding 
solids  plugging,  deposition  and  abrasion  problems. 

b)  Disadvantages 

1)  Na2SC>3  reacts  with  oxygen   in  the  flue  gas  to  form 
inactive,   soluble  Na2S04.     The  inactive  NagStty  must  be  purged   from  the 
system  and  replaced  with  soda  ash  as  makeup. 

2)  The  necessary  purge  of  soluble  Na2S04  from  the 
system  could  complicate  the  plant  disposal   problems. 

3)  The  filter  cake  produced  in  the  process 
(CaS03-l/2H20)   is  thixotropic.     Stabilization  by  oxidation  would  be 
required  to  improve  the  strength   and  settlement  characteristics  of  the 
material   for  it  to  be  used   alone  as   a  landfill   material. 

4)  The  ability  for  the  process   to  utilize  brines   is 
questionable. 
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c)  Commercial  Plants 

There  are  nine  major  flue  gas  desulfurization 
installations  in  operation  using  the  Double  Alkali  Process  in  utility  and 
industrial  applications.  Three  of  these  are  owned  by  Caterpillar  Tractor 
Company.  The  others  are   owned  by  FMC,  Firestone,  Transco  Textiles,  Canton 
Textile  and  Alyeska.  Three  more  plants  are  in  the  design  or  construction 
phase.  The  largest  plant  to  date  is  a  250  MW  coal-fired  utility  boiler  using 
coal  with  a  sulfur  content  of  up  to  4.5%  by  weight.  The  operating  plants  have 
an  average  of  95%  on-stream  time.  In  addition,  a  unit  is  being  constructed 
for  testing  at  the  C-a  Tract  for  Rio  Blanco  Oil  Shale  Company. 

d)  Licensor 
FMC  Corporation. 
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1.        INTRODUCTION 

The  C-b  Oil  Shale  Venture  plans  to  construct  and  operate  an  ancillary  facility 
consisting  of  two  or  more  commercial-sized  retorts  on  Federal  Oil  Shale  Lease  Tract  C-b, 
which  is  located  about  20  miles  west  of  Rio  Blanco,  in  Rio  Bianco  County,  Colorado 
(Figure  1-1).  This  ancillary  facility  will  permit  the  processing  of  a  thick  section  of  high 
grade  oil  shale,  establish  the  environmental  monitoring  procedures,  obtain  operating 
experience  for  processing  a  cluster  of  retorts,  and  provide  a  site  for  the  training  of  mine 
and  processing  personnel. 

To  secure  an  air  quality  permit  for  this  operation  from  the  Colorado  Department  of 
Health,  an  air  quality  impact  assessment  of  the  ancillary  facility  is  required.  This  impact 
assessment  has  to  demonstrate  compliance  with  Prevention  of  Significant  Deterioration 
(PSD)  Regulations  and  National  and  State  Ambient  Air  Quality  Standards  through  detailed 
air  pollution  modeling.  Since  Tract  C-b  is  located  in  complex  terrain,  readily  available 
EPA  models  which  were  developed  for  flat  land  do  not  provide  realistic  answers.  Thus,  a 
complex  terrain  model,  AVMSTM,  developed  by  AeroVironment  (Chan,  et  al,  1977)  is  being 
adjusted  to  the  conditions  on  Tract  C-b  and  will  be  used  for  assessing  the  impacts  of  the 
ancillary  facility. 

In  order  to  ensure  the  applicability  of  the  adjusted  model,  a  model  validation 
experiment  was  performed  in  September  1978  on  Tract  C-b.  This  experiment  was 
originally  planned  to  be  carried  out  in  late  1977  but  inclement  weather  had  prevented  any 
successful  attempts  until  the  fall  of  1978.  In  the  interim,  however,  trial  runs  were  made 
to  test  the  equipment  and  procedure.  Data  collected  during  those  trial  runs  were  not 
meaningful  because  of  equipment  problems  or  because  of  unfavorable  weather  conditions. 
They  have  been  presented  elsewhere  (Chan,  1978)  and  thus  will  not  be  repeated  here. 

This  report  gives  a  description  of  the  experiment  performed  in  September  of  1978, 
presents  the  data  collected,  and  discusses  the  results  of  the  experiment. 
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2.        THE  EXPERIMENT 

The  objective  of  the  experiment  was  to  simulate  the  transport  and  dispersion  of 
emissions  from  an  elevated  source  in  the  vicinity  of  the  proposed  anciiiary  facility  under 
meteorological  conditions  conducive  to  high  ground  level  concentrations. 

For  inert  pollutants,  the  meteorological  conditions  of  interest  consist  of  low  wind 
speed,  persistent  wind  direction,  and  a  neutral  or  stable  atmospheric  structure.  Another 
situation  of  concern  occurs  when  solar  heating  in  the  morning  destroys  a  noctural 
radiation  inversion,  bringing  high  concentrations  to  the  surface  along  the  plume  center- 
line.   This  process  is  known  as  fumigation. 

Of  course,  an  ideal  experiment  would  be  to  determine  the  transport  and  dispersion 
of  pollutants  under  all  imaginable  meteorological  conditions.  But  since  resources  are 
limited,  the  days  on  which  such  an  experiment  would  be  performed  should  consist  of  a 
well-established  noctural  radiation  inversion,  followed  by  the  destruction  of  that  inversion 
in  the  morning,  which  is  preceded  or  followed  by  a  neutral  atmospheric  condition. 

Since  November  1977,  a  watchful  eye  was  kept  on  the  weather  over  the  tracts  by 
Mr.  Alvin  Morris  of  Ambient  Analysis,  Inc.,  through  the  winter  and  spring  of  1978. 
Unfortunately,  the  conditions  we  were  looking  for  never  lasted  long  enough  to  allow  the 
experiment  to  be  conducted.  No  action  was  taken  during  the  summer  since  atmospheric 
turbulence  is  usually  higher  as  a  result  of  stronger  and  longer  solar  heating  of  the  earth's 
surface;  which  means  quicker  dispersion  of  pollutants  and  thus  would  not  provide  the  ideal 
situation  conducive  to  high  concentrations.  The  early  fall  of  1978  had  a  number  of  days 
with  the  desired  conditions,  however,  and  the  experiment  was  finally  conducted  on  the 
14th  and  15th  of  September  1978. 

2.1      Tracer  Gas  Releases 

The  simulation  of  emissions  from  an  elevated  source  was  accomplished  by  releasing 
sulfur  hexafluoride  (SF.)  at  an  elevation  that  approximated  the  final  height  of  the  plume 
from  the  proposed  ancillary  facility  (about  100  m  above  ground  level).  The  SF,  gas  was 
supplied  by  Air  Products  4c  Chemicals,  Inc.,  with  specifications  of  99.65  vol  %  purity.    SF. 
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was  chosen  as  the  tracer  gas  because  it  can  be  detected  down  to  10  parts  of  SFfi  per 

part  of  air  (i.e.,  1  ppt)  and  has  a  natural  background  of  0.0  to  0.1  ppt.   It  also  possesses  the 

following  properties  that  makes  it  an  ideal  tracer  gas: 

o         Nontoxic,  nonallergenic,  nonradioactive,  colorless  and  odorless. 

o         Gaseous  at  ambient  temperatures. 

o         Chemically  inert  and  thermally  stable  for  atmospheric  applications. 

o         Capable  of  rapid  and  controlled  atmospheric  release  from  a  point  or  area 
source. 

o         Amenable  to  conventional  and  standardized  collection  techniques. 

o         Commercially  available  at  a  reasonable  price. 

A  Raven  TRFD-1500  tethered  balloon  (Figure  2-1)  was  used  to  carry  a  one-inch 
plastic  tubing  to  an  altitude  of  about  100  m  (330  feet)  above  the  ground  (Figure  2-2).  The 
other  end  of  the  plastic  tubing  was  attached  to  the  SF.  cylinder  (Figure  2-3).  SF.  was 
then  released  at  about  ^25  scmh.  The  pressure  from  the  cylinder  was  sufficient  to  force 
the  SF,  through  the  length  of  the  tubing  and  allowed  the  gas  to  be  released  at  the  desired 
elevation. 

A  steady  release  rate  was  achieved  by  using  a  two-stage  regulator  and  a  rotometer 
which  had  been  calibrated  by  use  of  a  dry  test  meter.  An  Accu-Weight  Model  300T  scale 
was  employed  to  measure  the  cylinder  weights  at  15-minute  intervals.  This  arrangement 
is  depicted  in  Figure  2-3.  The  tracer  release  rate  was  calculated  from  the  difference  in 
weight  and  was  also  cross-checked  against  the  rotometer  reading  to  assure  that  the 
release  rate  was  constant. 

The  best  location  of  release  would  have  been  the  site  of  the  ancillary  facility. 
Ongoing  construction  at  that  site,  however,  prevented  the  release  from  taking  place 
there.     The  second  best  location  was  on  top  of  the  immediate  rise  to  the  east  of  the 


• 
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FIGURE  2-1.         A  Raven  TRFD-1500  tethered  balloon. 
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FIGURE  2-2. 


The  tubing 


Release  of  SF    at  100  m  above  ground  level 

that  carried  the  SF^  was  attached  to  the  guy-wire  of  the 

tethered  balloon. 
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FIGURE  2-3. 


SF,  was  released  from  the  bottle  through  a  two-stage 
regulator  and  a  rotometer.   The  bottle  stood  on  an  Accu- 
Weight  Model  300T  scale.   To  the  left  of  the  bottle  is 
the  motor-drive  for  regulating  the  height  of  the  tethered 
balloon. 
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proposed  facility  because  tracer  gas  released  at  this  rise  would  be  under  the  influence  of 
the  similar  meteorological  conditions  affecting  emissions  from  the  ancillary  facility  and 
would  thus  be  dispersed  in  a  manner  very  similar  to  that  of  any  emissions  from  the 
facility.  Thus,  during  the  experiment,  SF.  was  released  on  top  of  the  rise,  as  shown  in 
Figure  2-4. 

2.2      Tracer  Gas  Collection 

To  determine  how  far  and  where  the  tracer  gas  was  transported  after  it  was 
released,  as  well  as  how  fast  the  tracer  gas  was  dispersed,  air  samples  were  collected  at  a 
number  of  fixed  and  random  locations  throughout  the  tract  and  analyzed  for  SF, 
concentration. 

There  were  a  total  of  23  fixed  receptors,  22  of  which  are  located  in  the  expected 
downwind  side  of  the  SF,  release  point.  Most  of  those  receptors  were  placed  on  both 
sides  of  the  Piceance  Creek  where  maximum  impact  was  likely.  Three  receptors  were 
situated  south  of  the  release  point  to  provide  background  data  during  the  early  morning 
hours.  Figure  2-5  shows  locations  of  fixed  receptors,  the  release  site,  and  the  expected 
plume  centerline.  A  fold-out  map  in  the  pocket  located  in  the  back  cover  of  this  report 
provides  similar  information  on  a  larger  scale. 

At  the  fixed  locations,  samples  were  collected  by  automatic  sequential  syringe 
samplers  fabricated  by  AV  (Figure  2-6).  The  sampler  consists  of  a  turntable  mounted  on  a 
gear  reducer  coupled  to  a  speed  controlled  DC  motor.  Mounted  onto  the  turntable  are  up 
to  six  removable  50  ml  plastic  syringes.  Located  next  to  the  turntable  is  a  stationary 
ramp.  As  the  turntable  rotates,  the  syringe  plunger  is  fed  into  the  ramp  which  is  designed 
to  pull  the  plunger  completely  out  within  one  hour  at  a  constant  speed.  Thus,  up  to  six 
one-hour  integrated  samples  can  be  collected  sequentially  and  automatically  by  such  an 
instrument.  Thorough  testing  of  the  samplers  under  extreme  temperature  conditions 
(-10  to  50  C)  has  proven  that  a  six-hour  cycle  is  always  completed  within  +  1  minute  of 
the  correct  period. 

A  valve  is  installed  in  the  center  of  the  turntable  to  seal  off  all  of  the  syringe 
sampling  openings  from  ambient  air  except  for  the  one  which  is  in  the  sampling  mode. 
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FIGURE  2-k.         SF^  release  location  in  comparison  to  the  site  of  the 
proposed  ancillary  facility. 
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FIGURE  2-5. 


Locations  of  fixed  sampler  locations,  SF,  release  site, 
and  the  expected  plume  trajectory  in  the  early  morning 
hours. 
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FIGURE  2-6. 


AV  automatic  sequential  syringe  sampler  at  work.   One 
of  the  syringes  has  finished  sampling,  as  indicated  by  the 
extended  plunger,  while  another  is  in  the  sampling  mode, 
as  indicated  by  the  plunger  riding  on  the  stationary  ramp. 
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This  design  ensures  that  no  diffusion  would  occur  between  the  contents  of  the  inactive 
syringes  and  the  ambient  air.  At  the  end  of  a  collection  period,  the  syringes  are  removed 
manually  and  individually  capped  with  specially  designed  plastic  caps.  Tests  conducted 
prior  to  the  actual  experiment  have  shown  that  there  is  no  measurable  change  in  the 
conents  of  capped  syringes  within  a  ^8-hour  period. 

At  the  random  locations,  grab  samples  were  taken  with  plastic  syringes.  Figure  2-7 
shows  the  collection  of  a  grab  sample  during  the  experiment.  The  process  consists  of 
pulling  out  the  syringe  plunger  very  slowly.  When  the  plunger  is  completely  extended  the 
syringe  is  sealed  with  a  plastic  cap.   This  process  takes  approximately  15  to  30  seconds. 

2.3      Tracer  Gas  Analysis 

The  samples  collected  were  analyzed  for  SF.   by  means  of  a  System,  Science  <Jc 
3  b 

Software  (S  )  Model  215  BGC  Tracer  Gas  Monitor  (Figure  2-8),  an  electron-capture  gas 

chromatograph  which  was  located  in  a  nearby  farmhouse  which  served  as  a  temporary 

analysis  laboratory  shown  in  the  map  located  in  the  back  pocket  of  this  report.      The 

electron-capture    gas    chromatograph    utilizes    the   high   electron   affinity    of    SFg    with 

halogen  group  elements  to  provide  a  measurable  signal. 

Sulfur  hexafluoride  is  not  the  only  electron-capture  gas  to  be  contended  with  while 
making  this  measurement.  Oxygen  (CX,)  also  acts  as  a  capture  gas  and  will  completely 
mask  the  SF,  in  its  small  concentration  without  a  separation  technique.  Many  halo- 
carbons  such,  as  members  of  the  Freon  family,  will  also  give  an  electron-capture  signal. 
Thus,  an  analytical  column  is  used  to  separate  the  SF.  from  other  electron  capturing 
components  and  to  slow  down  the  0~  molecules  so  that  the  SF.  can  pass  through  the 
detector  ahead  of  the  0~. 

The    S      electron-capture    gas    chromatograph    has    a    lower    detectable    limit    of 

-12  -12  -9 

1x10        parts  concentration  of  SF,  per  part  of  air  (ppt),  is  linear  between  10        to  10     , 

and  has  a  repeatability  of  better  than  or  equal  to  3%. 

To  insure  the  accuracy  of  the  data,  the  instrument  is  calibrated  using  samples  of 

-9  -12 

known   SF,.    concentrations   ranging  from    10        to   10         before,   during,  and  after  each 

analysis  period. 
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FIGURE  2-7.         Collection  of  a  grab  sample. 
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FIGURE  2-8.         Systems,  Science  and  Software  Model  215  BGC  tracer 
gas  monitor. 
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2.k      Meteorological  [Measurements 

A  very  important  part  of  a  model  validation  experiment  is  to  characterize  the 
meteorological  conditions  that  transport  and  diffuse  the  tracer  gas  that  is  released.  To 
achieve  this,  a  network  of  meteorological  equipment  was  set  up  on  the  tract.  •  Surface 
wind  speed  and  wind  direction  were  measured  continuously  at  eight  locations,  primarily 
along  the  expected  plume  trajectory.  Temperature  was  also  measured  at  seven  of  these 
sites.  Their  locations,  as  well  as  locations  of  other  meteorological  equipment  are  shown 
in  Figure  2-9,  as  well  as  on  the  map  in  the  back  of  this  report. 

In  addition  to  measuring  wind  and  temperature  data  at  the  surface  (10  m  above 
ground),  wind  speed  and  wind  direction  were  measured  at  30  m  and  60  m  at  Site  023.  Also 
measured  at  this  site  were  turbulence  information  -  the  standard  deviations  of  wind  vane 
fluctuations  and  the  standard  deviations  of  vertical  wind  speed  fluctuations  (afi  and  a  ) 
at  10  m  and  the  difference  in  temperature  (AT)  between  10  m  and  60  m. 

Vertical  soundings  of  wind  speed,  wind  direction,  and  temperature  from  ground 
surface  to  about  600  m  above  ground  level  were  conducted  hourly  at  Site  0^8,  located  in 
the  Piceance  Creek  northwest  of  the  release  point.  These  soundings  were  made  using  a 
tethersonde  system  which  includes  an  airborne  sensor  package,  a  balloon,  an  electric 
winch  with  line,  and  a  ground  receiving  station.  Figure  2-10  shows  the  tethersonde 
system  at  work. 

Table  2-1  summarizes  the  meteorological  measurements  taken  during  the  experi- 
ment.  The  range  and  accuracy  of  these  instruments  are  presented  in  Table  2-2. 

2.5      The  Protocol 

The  experiment  was  performed  on  1^  and  15  September  1978  without  any  significant 
deviation  from  the  original  protocol  (AeroVironment,  1978).  The  schedule  of  daily 
activities  from  the  protocol  is  presented  in  Table  2-3. 

On  each  of  the  two  days,  the  experiment  was  begun  at  Ok-00  MDT,  at  which  time  SF^ 
was  released  at   100  m  above  the  top  of  the  rise  to  the  east  of  the  proposed  ancillary 
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FIGURE  2-9.       Locations  of  meteorological  measurements. 


2-14 


FIGURE  2-10. 


The  tethersonde  sounding  system  at  work.   Temperature, 
wind  speed,  wind  direction,  and  pressure  were  measured 
between  ground  and  1  km  above  ground  level. 
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TABLE  2-3.       Schedule  of  daily  activities  on  14  and  15  September  1978. 


Time 

Activity 

0400  MDT 

Begin  SF,  release  from  a  kytoon  100  m  above  ground. 
Field  technicians  deployed  to  the  predetermined  sampling 
points  to  set  up  samplers. 

0500 

Tethersonde  sounding. 

0600 

Beginning  of  first  one-hour  air  sample  collection. 
Tethersonde  sounding. 

0700 

Beginning  of  second  one-hour  air  sample  collection. 
Tethersonde  sounding. 

0800 

Beginning  of  third  one-hour  air  sample  collection. 
Tethersonde  sounding. 

0900 

Beginning  of  fourth  one-hour  air  sample  collection. 
Tethersonde  sounding. 

1000 

Beginning  of  fifth  one-hour  air  sample  collection. 
Tethersonde  sounding. 

1100 

End  of  air  sample  collection.    Tethersonde  sounding. 
SF,  release  shut  off.   Field  technicians  collect  samplers, 
take  them  to  field  office,  remove  syringes  and  install 

new  syringes. 

1200 

Sample  syringes  taken  to  nearby  farmhouse. 

1300 

Beginning  of  SF,  analyses  of  samples. 
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^  facility.     The  release  was  continued  through   1100  MDT  at  a  constant  rate  of  approxi- 

mately 3  g/s  (28  lb/hr). 

Ambient  air  sampling  was  commenced  at  0600  by  use  of  automatic  sequential 
syringe  samplers  at  23  fixed  locations.  Sampling  was  not  begun  until  two  hours  after  the 
release  was  under  way,  assuring  that  a  quasi-steady  state  had  been  attained.  Five 
consecutive  one-hour  integrated  air  samples  were  collected  at  these  locations  through 
1100  MDT.   These  locations  were  shown  earlier  in  Figure  2-5. 

In  addition  to  collecting  samples  at  these  fixed  locations,  61  grab  samples  were 
taken  at  locations  shown  in  Figure  2-11  on  14  September,  and  67  grab  samples  were  taken 
at  locations  shown  in  Figure  2-12  on  15  September. 

During  the  test  period,  meteorological  measurements  discussed  in  Section  2A  were 
activated.  Measurements  included  wind  speed,  wind  direction,  temperature,  temperature 
difference  etween  10  m  to  60  m,  turbulence,  mixing  height,  and  vertical  profiles  of 
temperature,  wind  speed,  wind  direction,  and  pressure. 

%  At  the  end  of  each  test  day,  air  samples  were  taken  to  the  nearby  farmhouse  about 

two  miles  northwest  of  the  tract  and  were  analyzed  for  SF6  by  use  of  an  electron  capture 
gas  chromatograph. 
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FIGURE  2-11.       Locations  of  grab  samples  taken  on  1^  September  197S. 
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FIGURE  2-12.       Locations  of  grab  samples  taken  on  15  September  1978. 
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3.        RESULTS 

To  understand  the  distribution  of  tracer  gas  concentrations,  one  has  to  first 
understand  the  factors  affecting  such  a  distribution  -  namely,  the  meteorological 
conditions  that  existed  during  and  immediately  preceding  the  release  of  tracer  gas. 
Section  3.1  discusses  the  synoptic  weather  situation  on  the  days  of  the  experiment. 
Section  3.2  presents  the  meteorological  conditions  observed  over  the  tracts  during  the 
experiment  while  Sections  3.3  and  3.4  present  the  tracer  gas  data. 

3.1      Synoptic  Weather  Situation 

After  a  frontal  passage  on  September  11,  a  closed  upper-level  low  formed  north  of 
Tract  C-b.  By  the  morning  of  September  14,  a  general  northeast-southwest  trough 
situation  had  developed  from  Manitoba  to  Nevada  (see  Figure  3-1).  Two  distinct  low 
pressure  centers  were  centered  in  these  areas  with  Colorado  in  between.  Pressure 
gradients  became  weak  over  the  tract. 

After  sunrise  on  the  14th,  an  anomalous  blocking  pattern  with  a  warm  highs  over 
Western  Canada  formed.  By  the  morning  of  the  15th  (Figure  3-2)  a  fast  west-east  jet 
stream  had  set  up  along  the  U.S. -Canadian  border.  At  the  surface  a  rapidly  moving,  weak, 
dry  front  passed  mainly  south  of  the  tract  during  the  afternoon  and  early  evening  of  the 
14th.  Clouds  from  this  system  cleared  away  shortly  after  midnight  but  the  pressure 
maintained  its  weak  pattern.  By  the  afternoon  of  the  15th,  clouds  and  a  strong  southwest 
flow  preceding  another  weather  front  were  becoming  established  over  the  tract  area. 

The  weak  pressure  gradients  and  the  lack  of  clouds  allowed  the  formation  of  strong 
drainage,  particularly  along  Piceance  Creek,  on  the  morning  of  September  14.  Although 
clouds  formed  during  the  afternoon  of  September  14,  they  cleared  away  shortly  after 
midnight,  allowing  radiative  cooling  of  the  ground  to  take  place.  The  drainage  that 
developed  on  the  morning  of  September  15,  however,  was  much  weaker  than  that  of  the 
14th. 


3-1 


try    »*-x»  . 


Surface  Weather  Map_  ~ 
at  0600  MDT 


&&sy&  VV&'^    ^#S 


FIGURE  3-1.       Synoptic  weather  situation  on  14  September  1973. 
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FIGURE  3-2.       Synoptic  weather  situation  on  15  September  197S. 
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3.2      Meteorological  Conditions  on  C-b  Tract 


id. 


o  14  September  1978 

The  atmospheric  structure  over  Piceance  Creek  as  well  as  over  the  entire  tract  is 
best  illustrated  by  soundings  taken  at  Site  048.  Data  collected  during  the  soundings  are 
presented  in  Appendix  A.    Figure  3-3  shows  three  such  soundings  of  temperature. 

As  a  result  of  strong  radiative  cooling,  a  very  deep  surface-based  inversion  appeared 
in  the  pre-dawn  hours.  This  inversion  was  quite  strong  close  to  the  surface  but  gradually 
weakened  until  about  500  m  AGL,  when  it  became  isothermal.  This  situation  was 
observed  in  soundings  through  0700  MDT.  Beginning  at  about  0800  MDT,  the  inversion  lost 
more  of  its  strength  and  the  base  of  the  isothermal  layer  lowered  to  about  350  m  AGL. 
The  destruction  of  the  surface-based  inversion  began  at  about  0900  MDT  and  the  top  of 
the  isothermal  layer  was  detected  at  about  450  m  AGL.  This  isothermal  layer  was  topped 
by  a  neutral  lapse  layer.  Further  destruction  of  the  surface-based  inversion  and  lowering 
of  the  base  of  the  neutral  lapse  layer  continued  until  about  1100  MDT,  when  the  inversion 
totally  disappeared  and  was  replaced  by  a  neutral  lapse  condition.  Similar  conclusions 
could  be  derived  from  data  collected  by  the  acoustic  radar  at  Site  020. 

This  atmospheric  structure  would,  of  course,  apply  only  along  the  Piceance  Creek. 
However,  one  can  infer  that  a  surface-based  inversion  did  exist  over  the  entire  tract,  even 
on  the  ridges  and  above  the  release  site.  This  inference  is  supported  by  the  delta- 
temperature  data  collected  at  Site  023  as  well  as  by  tethersonde  profiles  taken  over  the 
tract  at  various  locations  in  1976  (C-b  Shale  Oil  Venture,  1976).  Figure  3-4  shows  what 
the  constant  potential  temperature  surfaces  should  look  like  over  the  tract. 

The  soundings  at  Site  048  also  provided  valuable  information  concerning  the  wind 
flow  above  the  Piceance  Creek.  Strong  drainage  was  evident,  with  the  maximum  speed 
appearing  shortly  after  0600  MDT  at  about  150  m  AGL.  The  synoptic  flow  pattern  was 
not  observed  below  about  600  m  AGL  in  the  early  morning  hours.  As  the  morning 
advanced,  the  heat  gained  by  the  surface  from  solar  radiation  exceeded  that  lost  by 
terrestrial  radiation  and  the  soil  temperature  rose,  warming  the  air  just  above.  This 
created  pressure  differences  resulting  in  an  upslope  flow.     The  evidence  of  this  upslope 


m 


3-4 


..* 


00 
ON 


E 

<u 

•M 

Q. 

4) 


c 
o 

c 

<D 

to 

DO 

C 

c 
o 


»- 
0) 

£ 


r«-\ 
i 

tU 

D 
O 

E 


<'TS'H     W>        JLH9I3H 


3-5 


§ 

00 

■a- 
o 

V 

** 

1S> 


c 

« 

.* 

«3 

*< 

00 

c 

T7 

C 

*-*» 

3 

2 

O 

w 

E 

111 

o 

H 

«« 

cn 

■o 

o 

u 

*- 

Q 

■z. 

o 

v 

CO 

c 

cr 

o 

UJ 

u 

X 

!/l 

t- 

i) 

U 

u 

H 

fl 

2 

3  » 

O 

"»  rv 

cr 

u  C\ 

u_ 

1-  — 

UJ 

o 

2  .a 

z 
< 

tempci 
Septcm 

co 

o 

.2  * 

*->  - * 

C   u_ 

O    o 

4-> 

O     CO 

Q.  C 

*-•    C 

C     i_ 

fl     O 

ti  c 

i/)  — 

Sjg 

u  5 

I 
UJ 

a 
o 

El 


(W)  "I3A31  QNOOyO  3A09V  1H9I3H 


3-6 


flow  showed  up  at  about  0900  MDT.  At  this  time  there  were  still  remnants  of  the 
nighttime  drainage  on  top  of  this  newly  developed  upslope  flow.  The  strongest  shear 
appeared  at  around  200  m  AGL.  It  was  not  until  the  end  of  the  experiment,  around  1100 
MDT,  that  the  drainage  flow  system  was  totally  destroyed.  Even  at  1100  MDT,  there  was 
still  a  surface  layer  of  upslope  flow  to  about  150  m,  above  which  existed  the  synoptic 
flow.  This  wind  flow  picture  is  illustrated  in  Figure  3-5.  It  is  interesting  to  note  that  at 
about  300  m  AGL,  the  wind  speed  was  virtually  zero  at  0600-0700  MDT,  the  first  hour  of 
the  sampling  period. 

The  wind  flow  over  the  rest  of  the  tract  (other  than  over  Piceance  Creek)  followed  a 
similar  pattern.  Strong  drainage  prevailed  between  0400-0600  MDT.  Figure  3-6  shows 
streamlines  of  the  drainage  situation  while  Figure  3-7  shows  what  the  drainage  looks  like 
in  a  cross-section  between  Sites  023  and  020. 

During  the  first  hour  of  sampling,  the  overall  pattern  was  still  of  the  drainage  type 
although  almost  calm  conditions  were  detected  at  various  locations  over  the  tract.  At  the 
release  site,  the  kytoon  was  observed  to  head  towards  the  west,  then  rotated  clockwise 
during  the  hour  to  finally  end  up  pointing  towards  the  south-southeast  direction. 

The  second  hour  of  sampling  saw  the  head  of  the  kytoon  meandering  between  south- 
southeast  to  east.  In  other  words,  the  wind  at  the  level  of  release  was  from  the  south- 
southeast  to  east.  Over  other  parts  of  the  tract,  the  wind  was  light  and  often  variable, 
with  the  predominant  direction  from  the  eastern  sector.  This  is  probably  due  to  the  fact 
that  the  tract  is  located  west  of  the  Continental  Divide  and  in  the  macroscale,  there 
would  be  a  drainage  that  flows  generally  from  east  to  west  over  the  tract. 

Between  0S00-0900  MDT,  the  wind  at  the  point  of  release,  as  indicated  by  the 
heading  of  the  kytoon,  was  from  the  southeast  to  east.  Meteorological  data  from  other 
wind  stations  indicated  that  the  wind  was  still  light  and  variable,  without  a  definitely 
organized  flow  system. 

During  the  last  two  hours  of  the  sampling  period,  the  heading  of  the  kytoon 
indicated  that  the  wind  at  the  point  of  release  was  from  the  north  to  east  quadrant.  Data 
collected  also  indicated  that  the  wind  was  generally  from  the  north  in  areas  south  of  the 
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FIGURE  3-6.         Streamlines  of  drainage  situation  over  Tract  C-b. 
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Piceance   Creek  and  from   the   south   from   areas   north  of   the  Piceance  Creek.     This 
^       phenomenon  is  generalized  in  Figure  3-8  and  Figure  3-9. 

The  synoptic  flow  (winds  from  the  south)  was  never  established  at  the  surface  during 
the  sampling  period.  It  appeared  around  noon.  Figure  3-10  shows  a  picture  of  the 
synoptic  pattern  in  the  afternoon. 

Data  collected  at  Site  023  showed  that  turbulence  was  weak  throughout  the  period 
of  sampling,  especially  between  0600-0800  MDT. 

In  summary,  during  the  first  three  hours  of  sampling  drainage  was  evident  along 
Piceance  Creek  and  the  gulches  leading  to  Piceance  Creek.  Over  the  ridges  and  higher 
ground,  the  surface  flow  was  disorganized  and  weak.  In  the  last  two  hours  of  sampling,  an 
upslope  flow  was  discernible  all  over  the  tract.  Turbulence  was  weak,  especially  between 
0600-0800  MDT. 

o         15  September  1978 

%  The  temperature  soundings  taken  during  the  early  morning  hours  showed  a  surface- 

based  radiation  inversion.  However,  as  discussed  in  Section  3.1,  the  weak  front  that 
passed  over  the  tract  in  the  previous  afternoon  and  the  clouds  associated  with  the  front 
resulted  in  an  inversion  that  was  shallower  and  weaker  than  the  one  during  the  previous 
morning.  A  neutral  lapse  rate  existed  above  about  500  m  AGL  at  0600  MDT.  The  effect 
of  surface  heating  was  also  detected  an  hour  earlier  than  on  14  September.  The 
destruction  of  the  surface-based  inversion  was  observed  at  0800  MDT,  at  which  time  the 
base  of  the  neutral-lapsed  layer  was  at  about  400  m  AGL.  By  0900  MDT,  the  entire  layer 
above  the  ground  had  attained  an  adiabatic  structure. 

The  changes  in  wind  flow  in  the  vertical  related  very  well  to  the  temperature 
structure.  Within  the  inversion  layer,  a  drainage  condition  existed.  Above  the  inversion, 
the  synoptic  flow  pattern  was  obvious.  Immediately  following  the  onset  of  surface 
heating,  wind  in  the  layer  closest  to  the  ground  became  weak.  At  0900  MDT,  the  wind  in 
the  bottom  200  m  was  almost  calm.  Shortly  thereafter,  the  wind  speed  began  picking  up 
and  by  1100  MDT,  the  wind  in  the  entire  layer  averaged  about  5  m/s.  There  was  no 
evidence  of  any  upslope  wind  flow  pattern. 
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FIGURE  3-8.         Streamlines  of  upslope  flow  over  Tract  C-b. 
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FIGURE  3-8.         Streamlines  of  upslope  flow  over  Tract  C-b. 
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FIGURE  3-8.         Streamlines  of  upslope  flow  over  Tract  C-b. 
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8  Kilometers 


FIGURE  3-10.       Streamlines  of  synoptic  flow  over  Tract  C-b. 
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Figures  3-11  and  3-12  show  the  progression  of  temperature  and  wind  soundings 
respectively  during  the  experiment. 

At  the  release  site,  the  orientation  of  the  kytoon  indicated  that  the  wind  was  from 
the  southeast  to  east  sector  starting  at  0^00  MDT  through  0900  MDT.  During  the  hour 
beginning  at  0900  MDT,  the  kytoon  indicated  that  the  wind  was  mostly  from  the  south  to 
southwest  sector  with  a  short  period  with  winds  coming  out  of  the  northwest.  The  wind 
was  from  the  southwest  during  the  first  half  of  the  last  hour  of  SF,  release  and  from  the 
south-southwest  during  the  second  half  of  the  last  hour  at  the  point  of  release. 

Wind  data  at  other  sites  showed  that  the  wind  was  from  the  north  to  east  quadrant 
on  the  ridges  between  0600-0800  MDT  and  from  the  western  quadrant  between  02,00-0900 
MDT.  Thereafter,  all  surface  data,  including  wind  observations  in  Piceance  Creek, 
showed  evidence  of  the  synoptic  wind  flow  pattern,  generally  from  the  south-southwest. 

In  summary,  there  was  a  drainage  system  over  the  tracts  prior  to  0800  MDT. 
Between  0800-0900  MDT,  there  was  a  transition  from  the  drainage  to  synoptic  flow  and 
the  synoptic  flow  took  control  after  0900  MDT.  The  wind,  as  well  as  turbulence,  was 
stronger  than  the  previous  day,  especially  before  0800  MDT. 

3.3  Tracer  Gas  Release  Data 

The  actual  release  data  is  presented  in  Appendix  B.  The  release  rate  was  kept  fairly 
constant  during  the  experiment,  at  about  3.21  g/s  (28.8  lb/hr)  in  the  first  day  and  3.14  g/s 
(28.0  lb/hr)  in  the  second  day.  The  height  of  release  was  approximately  100  m  (330  ft) 
AGL. 

3.4  Distribution  of  Ground  Level  SF.  Concentration 

The  actual  observed  SF,  concentrations  at  all  sites  are  presented  in  Appendix  C. 

o         14  September  1978 

Figures  3-13  through  3-17  show  isopleths  of  SF.  constructed  from  observed  data. 
Downwind  of   the  plume   there  were  several   places  without   observations,   which   made 
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FIGURE  3-13.         Isopleths  of  SF.  concentration  for  hour  beginning  0600-0700  MDT  on  14 
September  197S.    Numbers  without  brackets  denote  one-hour  averaged 
SF.  concentrations  (ppt),  while  numbers  with  brackets  denote 
instantaneous  SF,  concentrations  (ppt). 
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FIGURE  3-14. 


Isopleths  of  SF,  concentration  for  hour  0700-0&00  MDT  on  14  September 
1978.    Numbers  without  brackets  denote  one-hour  averaged  SF.  concentrations 
(ppt),  while  numbers  with  brackets  denote  instantaneous  SF,  concentrations 
(ppt).  6 
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FIGURE  3-15.         Isopleths  of  SF    concentration  for  hour  0800-0900  MDT  on  14  September 

1978.    Numbers  without  brackets  denote  one-hour  averaged  SF,  concentrations 
(ppt),  while  numbers  with  brackets  denote  instantaneous  SF.  concentrations 
(ppt). 
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FIGURE  3-16. 


Isopleths  of  SF,  concentration  for  hour  0900-1000  MDT  on  14  September 
1978.    Numbers  without  brackets  denote  one-hour  averaged  SF6  concentrations 
(ppt),  while  numbers  with  brackets  denote  instantaneous  SF^  concentrations 
(ppt). 
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FIGURE  3-17. 


Isopleths  of  SF,  concentration  for  hour  1000-1100  MDT  on  1*  September 
1978.    Numbers  without  brackets  denote  one-hour  averaged  SF.  concentrations 
(ppt),  while  numbers  with  brackets  denote  instantaneous  SF,  concentrations 
(ppt). 
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drawing  the  isopleths  a  bit  difficult.  Other  configurations  of  isopleths  can  definitely  be 
derived  based  on  the  data.  Thus,  these  figures  represent  only  the  authors'  conception  of 
the  SF,  distribution.  Although  the  configuration  of  such  isopleths  may  vary,  the 
concentrations  at  the  receptors  were  observations  and  thus  any  other  configuration  must 
conform  to  such  observations. 

In  the  first  hour,  high  concentrations  of  SF.  were  detected  at  the  mouth  of 
Cottonwood  Guich.  SF,  was  also  detected  along  the  Piceance  Creek  east  of  the  mouth  of 
Cottonwood  Gulch.  This  is  definitely  due  to  the  influence  of  the  drainage  wind  system. 
Concentrations  were  higher  on  the  southern  bank  of  Piceance  Creek  than  on  the  northern 
bank.  Air  flowing  down  the  northern  slope  of  the  creek  kept  the  SF.  from  building  up  on 
the  northern  bank. 

A  similar  pattern  was  observed  in  the  second  hour  (0700-0800  MDT).  In  the 
following  hour  the  tongue  flowing  down  Cottonwood  Gulch  into  Piceance  Creek  was 
almost  non-existent. 

After  0900  MDT,  the  SF.  isopleths  showed  that  high  concentrations  were  observed 
only  south  of  the  point  of  release.  Although  fumigation  of  the  plume  definitely  occurred 
during  the  hour  beginning  0900  MDT,  its  duration  must  have  been  very  short  and  thus  did 
not  result  in  any  high  concentrations  when  averaged  over  an  hour.  SF,  was  still  detected 
along  the  creek  during  the  last  two  hours,  not  because  the  plume  was  over  the  creek,  but 
because  the  flow  reversal  (from  drainage  to  upslope)  brought  back  SF,  that  was  earlier 
transported  down  the  creek. 

o         15  September  1978 

Figures  3-18  through  3-22  show  isopleths  of  SF^  concentrations  constructed  from 
observations  taken  on  the  second  day  of  the  experiment.  During  the  first  three  hours, 
only  minute  amounts  of  SF.  were  observed  at  the  ground  stations.  The  only  location  with 
any  measurable  quantities  to  speak  of  was  sampler  location  #3  to  the  west-northwest  of 
the  release  site.  Based  on  the  SF,  distribution  in  the  last  two  hours  of  the  experiment 
(will  be  discussed  shortly)  as  well  as  the  fact  that  only  a  shallow  surface-based  inversion 
was  observed  from   the  sounding,   it  was  possible  that  the   SF,   was  lofting  above  the 
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FIGURE  3-18.         Isopleths  of  5F.  concentration  for  hour  beginning  0600-0700  MDT  on 

15  September  ft78.    Numbers  without  brackets  denote  one-hour  averaged 
SF.  concentrations  (ppt).  while  numbers  with  brackets  denote  instantaneous 
SF,  concentrations  (ppt). 
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FIGURE  3-19. 


Isopleths  of  SF.  concentration  for  hour  0700-0S00  MDT  on  15  September 
1978.    Numbers  without  brackets  denote  one-hour  averaged  SF,  concentrations 
(ppt),  while  numbers  with  brackets  denote  instantaneous  SF^  concentrations 
(ppt). 
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FIGURE  3-20. 


Isopleths  of  SF,  concentration  for  hour  0800-0900  MDT  on  15  September 
1978.    Numbers  without  brackets  denote  one-hour  averaged  SF,  concentrations 
(ppt),  while  numbers  with  brackets  denote  instantaneous  SF,  concentrations 
(ppt).  6 
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FIGURE  3-21. 


Isopleths  of  5F,  concentration  for  hour  0900-1000  MDT  on  15  September 
1978.    Numbers  without  brackets  denote  one-hour  averaged  SF,.  concentrations 
(ppt),  while  numbers  with  brackets  denote  instantaneous  SF^  concentrations 
(ppt). 
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FIGURE  3-22. 


Isopleths  of  SFfi  concentration  for  hour  1000-1100  MDT  on  15  September 
1978.    Numbers  without  brackets  denote  one-hour  averaged  SF^  concentrations 
(ppt),  while  numbers  with  brackets  denote  instantaneous  SF^  concentrations 
(ppt). 
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surface-based  inversion.  As  the  wind  was  still  generally  from  the  east,  it  was  also 
possible  that  whatever  minute  amounts  that  got  into  the  surface  layer  were  transported  to 
the  west  with  some  finding  their  way  down  to  the  Piceance  Creek. 

The  last  two  hours  of  SF.  distribution  showed  that  the  SF,  plume  was  responding  to 
the  synoptic  wind  flow.  High  concentrations  were  observed  north  and  west  of  the  point  of 
release,  down  the  creek  and  up  along  the  south-facing  slope  across  the  creek  in  the  hour 
beginning  0900  MDT.  The  SF,  distribution  during  this  hour  was  a  little  bit  more 
complicated  than  the  one  in  1000-1100  MDT,  because  of  the  transition  from  weak 
drainage  to  synoptic  flow.  The  distribution  for  the  last  hour  was  quite  straightforward.  It 
showed  that  the  plume  was  traveling  down  the  creek  and  up  the  slope  on  the  other  side, 
following  the  synoptic  wind  which  was  out  of  the  south-southwest. 
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OBSERVATIONS 

A  number  of  observations  can  be  deduced  from  the  results  of  the  experiment. 

(1)  On  lb  September,  when  the  synoptic  pressure  gradients  were  weak,  local 
meteorology  was  responsible  for  the  transport  and  diffusion  of  pollutants 
during  nighttime  and  early  morning  hours.  Under  such  a  situation,  the  synoptic 
wind  flow  was  not  able  to  establish  itself  until  after  mid-day. 

(2)  When  the  plume  was  released  within  a  layer  of  very  stable  air  in  complex 
terrain,  the  plume  followed  constant  potential  temperature  surfaces,  which 
followed  the  contour  of  the  ground.  It  did  not  just  fan  out  and  stay  at  the 
same  elevation  above  sea  level.  In  specific,  the  plume  flowed  into  Piceance 
Creek  and  followed  the  creek  downstream  rather  than  traveling  across  the 
creek  at  the  level  of  release  and  impinging  on  the  surface  of  the  south-facing 
slope  north  of  Piceance  Creek.  Contrary  to  observations  of  a  fanning  plume 
on  flat  terrain,  a  fanning  plume  over  tract  C-b  did  get  down  to  the  ground 
surface  due  to  turbulence  associated  with  the  shearing  effect  of  the  drainage 
wind. 

(3)  Fumigation  of  the  plume  did  not  result  in  high  concentrations  when  measure- 
ments were  averaged  over  a  period  of  one-hour  or  more. 

(b)  On  15  September,  when  the  surface-based  inversion  was  shallow,  the  plume 
lofted  above  the  inversion  and  pollutant  concentrations  at  the  surface  were 
miniscule. 

(5)  When  the  plume  was  released  in  a  neutral-lapsed  layer,  the  plume  centerline 
followed  the  contour  of  ground  surface  as  it  traveled  downwind. 
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APPENDIX  B 


Tracer  Gas  Release  Data 


> 


TABLE  B-l.  Release  site  data,  14  September  1978,  release  rate  28.8 

Ibs/hr,  height  of  release  approximately  100  m  (330  feet). 


Cylinder 

Estimated 

Time 

Weight  (lbs) 

Wind 

0412 

279.5 

5E 

0427 

273.0 

SE 

0442 

266.5 

S 

0458 

259.5 

ESE 

0515 

252.5 

S 

0535 

245.0 

SW 

0545 

240.5 

SW 

0600 

235.5 

w 

0612 

230.5 

N 

0627 

224.5 

SE 

0642 

217.5 

SE 

0657 

211.5 

SSE 

0712 

205.0 

SSE 

0727 

199.0 

SE 

0742 

193.5 

E 

0757 

186.0 

E 

0812 

179.5 

SE 

0827 

173.5 

ESE 

0842 

171.5 

ESE 

0857 

263.0 

E 

0912 

256.5 

ENE 

0927 

250.5 

E 

0942 

244.3 

ENE 

0957 

237.4 

NNE 

1012 

231.1 

NNE 

1027 

225.5 

ENE 

1042 

219.5 

N 

1057 

212.5 

SW 

1100 

210.5 

s 

TABLE  B-2.  Release  site  data,  15  September  1978,  release  rate  28.0 

lbs/hr,  height  of  release  approximately  100  m  (330  feet). 


Cylinder 

Estimated 

Time 

Weight  (lbs) 

Wind 

0400 

210.0 

5E 

0*15 

203.5 

SE 

0430 

197.0 

SE 

0445 

191.5 

E 

0500 

185.0 

ESE 

0515 

179.0 

SE 

0530 

172.5 

SE 

0545 

166.5 

ESE 

0600 

160.0 

ESE 

0615 

154.0 

SE 

0630 

270.0 

SE 

0645 

263.8 

E 

0700 

258.0 

ESE 

0715 

251.3 

SE 

0730 

245.0 

SE 

0745 

239.1 

SE 

0800 

232.2 

SSE 

0815 

226.0 

SE 

0830 

220.0 

SE 

0845 

213.5 

SSE 

0900 

207.2 

S 

0915 

201.5 

S 

0930 

194.5 

NE 

0945 

188.0 

SSW 

1000 

182.0 

SW 

1015 

176.5 

SW 

1030 

170.2 

SSW 

1045 

164.0 

SSW 

APPENDIX  C 


Tracer  Gas  Concentration  Data 


TABLE  C-l.       Observed  automatic  sample  data  (ppt),  lb  September  1978. 


Site 

Hour 

0600-0700 

0700-0800 

0800-0900 

0900-1000 

1000-1100 

1 

87 

28 

1 

3 

24 

2 

10 

19 

207 

1,440 

1,610 

3 

629 

812 

1,256 

39 

95 

4 

263 

183 

8 

6 

11 

5 

51 

2 

2 

0 

31 

6 

0 

9 

48 

17 

5 

7 

6 

2S 

51 

23 

3 

8 

13 

58 

52 

13 

4 

9 

- 

98 

78 

12 

5 

10 

62 

15 

- 

12 

6 

11 

142 

232 

49 

12 

5 

12 

9 

30 

9 

11 

5 

13 

161 

227 

4 

6 

6 

14 

4 

8 

3 

5 

6 

15 

0 

0 

1 

2 

6 

16 

1,361 

1,023 

86 

6 

S 

17 

7 

40 

2 

5 

9 

18 

0 

0 

1 

2 

9 

19 

1 

0 

0 

0 

5 

20 

1 

0 

0 

0 

5 

21 

0 

0 

0 

2 

9 

22 

0 

0 

1 

1 

6 

23 

2 

1 

13 

210 

1,243 

» 


TABLE  C-2.       Observed  grab  sample  data  (ppt),  1*  September  1973. 


Site 

(ppt) 

Site 

(ppt) 

Number 

Time 

Concentration 

Number 

Time 

Concentration 

1 

0600 

376 

32 

0853 

20 

2 

0610 

115 

33 

0901 

26*7 

3 

061* 

- 

3* 

0903 

8 

* 

0620 

6* 

35 

0906 

2 

5 

0626 

365 

36 

0912 

2 

6 

0631 

6* 

37 

0915 

2 

7 

0635 

22 

38 

0922 

1623 

8 

0638 

8 

39 

09*5 

7 

9 

06*0 

9 

*0 

1005 

121 

10 

06*3 

2 

*1 

1023 

7 

11 

06*6 

6 

*2 

1029 

13 

12 

0726 

30 

*3 

1032 

11 

13 

0730 

82 

** 

1032 

32** 

1* 

0733 

85 

*5 

1035 

9 

15 

0736 

125 

*6 

1037 

8 

16 

0738 

5* 

*7 

10*0 

8 

17 

07*3 

98 

*S 

10*0 

216 

18 

07*9 

1 

*9 

10*3 

6 

19 

075k 

11 

50 

10*6 

5 

20 

0756 

1 

51 

10*8 

13 

21 

0759 

3 

52 

1051 

5 

22 

0803 

2 

53 

1052 

1* 

23 

0805 

2 

5* 

1053 

* 

2* 

0809 

2 

55 

1058 

10 

25 

0815 

2 

56 

1102 

* 

26 

0818 

1 

57 

1108 

3 

27 

0821 

1 

58 

1113 

6 

23 

0825 

2 

59 

1116 

7 

29 

08*1 

3 

60 

1119 

6 

30 

08*6 

55 

61 

1122 

8 

31 

03*9 

6 

TABLE  C-3.       Observed  automatic  sample  data  (ppt),  15  September  1978. 


Site 

Hour 

0600-0700 

0700-0800 

0800-0900 

0900-1000 

1000-1100 

1 

1 

0 

0 

0 

3 

2 

1 

1 

3 

180 

2 

3 

82 

63 

26 

385 

0 

k 

1 

1 

1 

157 

85 

5 

0 

0 

0 

1 

0 

6 

2 

1 

1 

28 

8 

7 

3 

2 

2 

28 

11 

8 

2 

0 

1 

28 

15 

9 

0 

1 

1 

25 

2 

10 

3 

1 

2 

129 

2 

11 

1 

1 

2 

109 

3 

12 

0 

0 

1 

81 

3 

13 

0 

0 

W 

28 

14 

0 

0 

5k 

39 

15 

1 

1 

61 

- 

16 

1 

0 

30 

W 

17 

0 

1 

131 

58 

IS 

1 

2 

22 

<*5 

19 

0 

0 

0 

21 

31 

20 

0 

1 

1 

52 

59 

21 

2 

0 

1 

0 

1 

22 

0 

0 

1 

0 

1 

23 

0 

1 

1 

1 

1 

TABLE  C-4.       Observed  grab  sample  data  (ppt),  15  September  1978. 


Site 

(ppt) 

Site 

(ppt) 

Number 

Time 

Concentration 

Number 

Time 

Concentration 

1 

0643 

0 

35 

0935 

2 

2 

0649 

2 

36 

0939 

1 

3 

0652 

19 

37 

0942 

5 

4 

0655 

1 

38 

0945 

17 

5 

0659 

Q 

39 

0948 

32 

6 

0703 

3 

40 

0951 

31 

7 

0713 

2 

41 

0958 

20 

8 

0716 

3 

42 

1000 

1 

9 

0718 

3 

43 

1002 

39 

10 

0724 

1 

44 

1003 

1 

11 

0728 

"  3 

45 

1005 

1 

12 

0731 

1 

46 

1006 

1 

13 

0734 

1 

47 

1008 

1 

1* 

0744 

3 

48 

1010 

15 

15 

0750 

2 

49 

1010 

1 

16 

0750 

2 

50 

1013 

1 

17 

0754 

2 

51 

1013 

1 

18 

0802 

0 

52 

1026 

1 

19 

0815 

1 

53 

1032 

1 

20 

0830 

1 

54 

1035 

1 

21 

0851 

0 

55 

1045 

0 

22 

0854 

2 

56 

1047 

1 

23 

0857 

3 

57 

1050 

1 

2* 

0900 

1 

52, 

1051 

1 

25 

0900 

2 

59 

1053 

34 

26 

0903 

8 

60 

1104 

1 

27 

0914 

2 

61 

1111 

1 

28 

0916 

218 

62 

1113 

0 

29 

0917 

1 

63 

1118 

0 

30 

0920 

16 

64 

1121 

0 

31 

0923 

24 

65 

1124 

2 

32 

0927 

13 

66 

1127 

1 

33 

0927 

6 

67 

1130 

0 

34 

0932 

10 
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FORMAT  OF  INPUTS  TO  AVMSTM 


CARD  NO. 


1)  Initialization  Data;  Format:     Nameiist  "INIT": 

Includes:      Unit  numbers  for  card  reader  and  line  printer  (ICR,  IPR) 

Number  of  grid  squares  in  x,  y,  and  z  directions  (NX,  NY,  NZ) 

Dimension  (meters)  of  a  singie  grid  square  in  x,  y,  and  z  directions  (DX, 
DY,  DZ). 

(Note   that   (NX'DX)    (NY-DY)    (NZ-DZ)    gives   the  total   volume   under 
consideration  in  m  ). 

Number    of  sites   used   for    wind   inputs    (NOWDS)    and   stability    inputs 
(N5TAB). 

Total  number  of  hours  (or  any  other  time  unit)  for  which  plume  is  being 
modeled  (NHRS);  total  number  of  sources  (NS)  and  receptors  (NR). 

Amount    of    rotation,    if    any,    of    the    grid    axis    with    respect    to   the 
geographical  N-S  axis  (DEG). 

Program  option  to  model  plume  (IWND). 

2)  Format:    6F10.3,  215 

Includes  (in  order):  time  step  used  to  calculate  plume  segments,  x,  y,  and  z  -  origin 
of  grid  in  meters,  four  options  of  the  program. 

3)  Format:  1615 

Includes:  Terrain  information  for  each  grid  square,  column  by  column.  This  terrain 
value  multiplied  by  DZ  and  added  to  the  z-origin  of  the  grid  gives  the  elevation 
of  that  grid  square  in  meters. 

4)  Wind  Inputs:  Format  3F10.2 

For  each  hour,  we  have  the  following  set-up: 

(i)  x  and  y  coordinates  of  wind  site  (m),  confidence  level  assigned  to 
wind  inputs  (Q.O — »»1.0). 

(ii)-»-<xi)  wind  speed  (mph),  wind  direction,  temperature,  at  each  level 
of  elevation. 

cards  (i)  through  (xi)  are  repeated  for  each  wind  site.   Since  we  have  5  wind  sites 
here,  this  results  in  a  total  of  55  cards  for  each    hour  . 


5)  Stability  Input:  Format  2F  10.2,  6011: 

x  &  y  coordinates  of  stability  site,  followed  by  stability  assigned  to  each 
level  of  height  i  DX,  i  =  1,  NZ,  starting  from  the  ground  level.  One  card 
for  each  stability  site  per  hour.  Since  we  have  two  stability  sites,  we 
have  two  cards  for  each  hour. 

6)  Source  input:    Format:  SF  10.2 

Includes:  source  x  &  y  coordinates  (m),  source  emission  rate  (gm/sec),  stack  height 
(m),  stack  diameter,(m),  exit  temperature  of  stack  (  K),  exit  velocity  (m/sec), 
and  volume  flow  (m  /sec). 

7)  Receptor  input:    Format:  2F10.2 
Includes:  x  &  y  coordinates  of  receptors  (m.). 
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SUMMARY 


This  report  describes  the  validation  of  a  computer  program  -  AVMSTM  -  that 
simulates  the  dispersion  of  pollution  in  complex  terrain.  AVMSTM  logically  treats  wind 
field,  plume  transport,  and  turbulence  in  complex  terrain.  Validation  results  show  that 
good  agreement  exists  between  observed  and  predicted  concentrations  under  a  wide  range 
of  meteorological  conditions. 
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I.        INTRODUCTION 

According  to  the  Clean  Air  Act  Amendments  of  1977  (U.S.  Congress,  1977),  any 
development  in  areas  where  ambient  air  quality  standards  are  presently  maintained  has  to 
undergo  a  significant  air  quality  deterioration  evaluation,  and  such  an  evaluation  must 
utilize  air  quality  models  specified  by  the  Environmental  Protection  Agency  in  the 
Guideline  on  Air  Quality  Models  (U.S.  EPA,  197S). 

However,  the  Guideline  does  not  have  any  recommendations  on  models  to  be  used  in 
complex  terrain.  Instead,  it  suggests  that  expert  advice  be  employed  in  such  circum- 
stances. Thus,  to  assist  the  C-b  Shale  Oil  Venture  in  securing  an  air  quality  permit  for  a 
proposed  ancillary  facility  consisting  of  two  or  more  commercial-sizea  retorts  on  Feaeral 
Oil  Shale  Lease  Tract  C-b,  which  is  located  in  complex  terrain,  AeroVironment  plans  to 
use  its  complex  terrain  model,  AV1V1STM. 

To  ensure  that  the  AVMSTivi  model  is  applicable  to  the  C-b  tract  environment,  a 
model  validation  experiment  was  performed  in  September  197i.  A  description  of  the 
experiment  and  a  presentation  of  the  aata  collected  during  that  experiment  are  given  in  a 
report  Dy  Chan  and  Smith  (1978). 

This  report  gives  a  description  of  the  complex  terrain  model,  AVMSTM,  and 
discusses  the  results  of  the  model  validation  exercise. 
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}  2.        DESCRIPTION    OF    THE    MODEL    FOR    SIMULATING    DISPERSION    IN    COMPLEX 

TERRAIN  -  AVMSTM 

Air  pollutant  concentrations  at  a  receptor  resulting  from  a  point  release  are 
functions  of  both  airflow  pattern  and  turbulent  dispersion  within  this  flow.  For  the  simple 
case  of  planar  terrain,  streamlines  are  well-defined  and  the  assumption  of  a  uniform  wind 
field  is  not  unrealistic.  For  such  a  simple  case,  dispersion  properties  have  been  the 
subject  of  considerable  theoretical  and  experimental  research  and  are  now  fairly  well- 
defined  in  a  quantitative  fashion.  The  effect  of  topographic  roughness,  adds,  on  the  one 
hand,  an  enhancement  of  the  diffusion  because  of  increased  mechanical  turbulence  and 
wind  shear,  which  is  counterbalanced  by  a  possibility  of  greater  pollutant  concentrations 
on  rising  terrain.  In  such  non-planar  terrain  the  flow  trajectories  are  convoluted  by 
topographic  channeling  and  by  thermally  induced  flows.  A  model  has  been  developed  that 
rationally  determines  wind  field,  defines  plume  transport,  and  simulates  dispersion  of 
pollutants  in  complex  terrain.    A  description  of  this  model  -  AVMSTM  -  follows. 

2.1      General  Model  Capabilities 

AVMSTM  is  a  broad  purpose  Gaussian  plume  model  which  is  able  to  model  transport 
and  diffusion  in  a  spatially  inhomogeneous,  temporally  unsteady  wind  field  in  rough 
terrain.  It  contains  submodels  within  it  for  the  estimation  of  wind  fields,  for  the 
computation  of  plume  rise,  for  the  definition  of  plume  transport,  and  for  the  determina- 
tion of  surface-roughness  related  diffusion.  The  program  is  capable  of  accepting  a  large 
number  of  sources  and  receptors  over  micro-  or  regional  scales. 

The  wind  field  is  defined  by  a  three-dimensional  numerical  interpolation  and 
extrapolation  of  measured  winds  in  such  a  way  as  to  eliminate  divergences,  satisfy 
topographic  boundary  conditions,  and  respond  to  atmospheric  stability  effects.  The 
general  methodology  is  adapted  from  the  work  of  Sklarew  and  Wilson  (1976).  This 
technique  does  not  explicitly  model  thermally-driven  flows,  but  will  model  them  rationally 
in  the  presence  of  some  measured  data.  In  addition  to  the  general  wind  field  model, 
specialized  routines  can  be  inserted  to  handle  such  effects  as  separated  flows  over 
extreme  topographic  elements.  For  example,  flow  over  a  cliff  was  treated  by  Mullen,  et 
al  (1977a). 
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Plume  rise  calculations  are  based  on  the  formulations  of  Briggs  (1971)  and  revised  by 
Turner  (1973).  Meteorological  data  required  for  these  calculations  are  those  generated  by 
the  wina  fiela  suomoael. 

Plume  transport  is  treatea  by  segmenting  the  plume  centerline  (at  any  given  time 
into  any  time  increment.  This  pseudo-steady-state,  pseudo-puff  treatment  allows  the 
plume  to  follow  spatial  and  temporal  changes  in  the  wind  field  within  the  temporal 
resolution  of  the  given  wind  data.  Since  a  three-dimensional  wind  field  is  defined  by  the 
wind  field  submodel,  the  vertical  location  of  the  plume  centerline  is  continuously  oefinea. 

Plume  dispersion  is  calculated  using  the  widely  accepted  Gaussian  plume  equation 
(Gifford,  I960).  The  program  is  modularized  to  readily  accept  a  variety  of  subprograms 
for  calculating  the  horizontal  and  vertical  standard  deviations  of  plume  wiath  (sigmas) 
used  in  the  Gaussian  equation,  depending  on  the  meteorological  data  available  ana  the 
type  of  terrain.  The  AVMSTM  moael  discussed  here  calculates  complex  terrain  sigmas 
which  employ  algorithms  developed  by  AeroVironment.  These  algorithms  utilize  measured 
fluctuations  of  wind  direction  and  wind  meander,  and  empirical  formulations  derived  from 
the  Lo-Low  Altitude  Clear  Air  Turbulence  Project  (LO-LOCAT)  to  account  for  the 
roughness  of  the  terrain,  as  described  by  MacCready,  et  al  (197^). 

2.2      Wind  Field  Submodel 

The  basic  concept  in  this  submodel  are  adapted  from  the  work  of  Sklarew  ana  Wilson 

(1976).   This  submodel  first  assigns  a  stability  to  each  grid  cell  of  a  three-dimensional  grid 

system  defined  by  the  user.     This  assignment  is  accomplished  by  interpolation  of  input 

if 
stability  data  via  a  1/r    weighting  factor. 

The  submodel  then  develops  wind  flow  in  the  three-dimension  grid  from  all  input 
wind  data,  topographic  data,  as  well  as  the  calculated  stability  data.  The  winds 
calculated  are  consistent  with  any  terrain  resolved  in  the  three-aimensionai  grid  as  well 
as  completely  divergence-free. 
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* 


This  wind  field  development  starts  with  projecting  wind  data  upwards  from  the  point 
of  observation  through  the  portion  of  the  grid  without  any  measurements  based  on  a 
vertical  power  law  profile  of  the  form 


u    =    Uo   (Z/Zo)P 


for  speeas  u,  and  u     at  vertical  coordinates  Z  and  2  ,  respectively,  with  P  determined 


from  the  following  table: 


Stability  Category 

A 

B 

C 

D 

E 

F 

G 

P 

.15 

.17 

.20 

.26 

.39 

.48 

.54 

After   the  wind  speeds   are  projected   upwards,  the  wind  speed  and  direction  are 

resolved  into  U  and  V  vector  components  at  every  wind  site.   Then,  the  entire  wind  field  is 

2 
developed  via  a  weighted  1/r     interpolation  of  the  vertical  profiles  for  each  horizontal 

plane.    Up  to  this  point,  terrain  has  not  been  considered.     Terrain  first  enters  into  the 

wind  field  determination  by  shifting  the  interpolated  winds  upward  to  clear  the  terrain. 

Following  this,  the  wind  fluxes  in  and  out  of  the  boundaries  of  the  computational  domain 

are  adjusted  such  that  the  flux  in  equals  the  flux  out. 

Atmospheric  stability  has  the  effect  of  varying  the  relative  response  to  terrain  of 
horizontal  and  vertical  motion.  For  a  neutral  or  unstable  air  mass,  the  flow  tends  to  pass 
directly  over  an  obstacle,  without  significant  lateral  diversion.  For  a  stable  airflow, 
gravitational  effects  tend  to  restrict  an  air  parcel  from  flowing  over  an  obstacle  and 
direct  the  airstream  around  the  obstacle.  This  phenomenon  is  incorporated  into  the  model 
by  assigning  transparencies  of  the  horizontal  and  vertical  cell  faces  based  on  stability. 

The  nondivergence  of  the  wind  field  is  imposed  by  interactive  solution  based  on 
calculating  the  divergence  such  that 


_   .,  3  u  3  v  8w 

9  x  3y  3z 


=     © 
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and  readjusting  the  velocity  to  minimize  the  divergence.  A  finite  difference,  iterative 
scheme  is  used  in  the  computation.  At  the  completion  of  the  iterative  cycle,  all  residual 
divergences  are  swept  out  of  the  top  of  the  grid.  This  completes  the  generation  of  a 
three-dimensional  wind  for  each  cell  of  the  grid  system. 

2.3      Plume  Transport  Submodel 

For  a  continuously  emitting  point  source,  a  trajectory  of  the  plume  can  be  defined, 
in  principle,  and  is  defined  in  the  plume  transport  submodel  by  the  streak  line*  of  the  air 
flow  passing  over  the  source.  Once  the  streak  line  of  the  plume  is  defined,  it  is  broken  up 
into  segments.  Each  segment  is  represented  by  a  tube  with  a  Gaussian  cross-section  in 
the  horizontal  and  vertical  direction.  The  length  of  each  tube  is  defined  by  the  emissions 
produced  by  the  source  in  the  time  increment  of  interest  (usually  from  15  minutes  to  one 
hour),  and  remains  constant  for  the  life  of  the  segment.  Each  successive  segment  of  the 
plume  is  a  time  increment  older  than  the  preceeding  segment  if  observed  by  moving 
downwind  along  the  streak  line  away  from  the  release  point.  Each  plume  segment  has  a 
history  and  has  been  subjected  to  aging,  various  wind  speeds,  stability  classes,  terrain 
roughness,  and  distance  travelea.  The  history  of  the  plume  ana  its  present  state  are 
defined  by  the  plume  cross-section  which  is  assumed  to  have  a  bivariate  Gaussian 
distribution.  The  cross-section  of  this  distribution  is  defined  by  complex  terrain 
algorithms  (sigmas)  as  summarized  in  the  next  section,  and  is  updated  each  hour. 

Since  this  approach  is  somewhat  unusual  two  examples  will  help  to  illustrate  this 
pseudo-steady-state,  pseudo-puff  concept.  First,  say  that  the  wind  in  the  study  area  is 
uniform  spatially,  but  has  erratically  shifted  from  a  northwesterly  direction  to  a 
southwesterly  flow  in  a  five-hour  period  as  shown  in  Figure  2- la.  The  idealized 
representation  of  a  plan  view  of  the  streak  line  of  the  plume  consisting  of  hourly  plume 
segments  emitted  since  time  t  -  4,  or  five  hours  ago,  is  shown  in  Figure  2- lb.  This  is  how 
the  plume  would  appear  at  time  t.  An  hour  later,  at  time  t  +  1,  the  plume  would  appear  as 
in  Figure  2-lc. 

Consider  the  plume  segment  between  station  3  and  station  k  initially  at  time  t.  The 
cross-section  of  this  tube  can  be  completely  described  if  it  is  assumed  to  be  Gaussian  and 
the  a     and  a     are  known  at  every  x  along  the  streak  line  between  3  and  4.    An  hour  later 

y  ^ 


A  streak  line  is  defined  by  connecting,  in  sequence,  all  elements  of  air  passing  over 
a  point,  i.e.,  the  source. 


2-i+ 
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FIGURE  2-la.    Wind  vectors  from  time  t-4  to  time  t+1. 


FIGURE  2-lb.    Streak  line  and  plume  boundaries  at  time  t. 


Source 


Source 


FIGURE  2-lc.  Streak  line  and  plume  boundaries  at  time  t+1. 
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at  time  t  *Stt  station  3  has  moved  to  3*  and  station  k  has  moved  to  ^'.    The  plume  cross- 
section  a  (a    or  a  )  changes  when  moving  from  3  to  3'  according  to  the  expression 

y        ^ 


which  can  be  rewritten 


da 

a,'  =  a,  + a  t 

3  3       dt 


3  a  3a 

3  3        3x     ,  3 t 

where  u  is  the  wind  speed  representative  of  the  hour  t  to  t  +  i  t 

3a  .  .  ,        .     .         . 

-5 —  represents  the  spatial  variation  of  a 

3a  .  ... 

-r—  represents  the  temporal  variation. 

Because  of  the  pseudo-steady-state  assumption,  is  zero  during  the  interval  from  t  to 

o  t 

AX.  The  derivatives  of  a  and  a  with  respect  to  x  can  easily  be  evaluated  by 
differentiating  the  a  equations  discussed  in  the  next  section,  thus  allowing  calculation  of 
a'. 


Concentrations  are  then  calculated  by  the  standard  Gaussian  plume  formulas. 

Consider  now  a  non-homogeneous  wind  field,  i.e.,  one  with  turning  flow.  Figure 
2-2a  shows  a  streamline*  passing  over  a  source,  with  wind  vectors  at  coordinate  points  SQ, 
S,,  and  S-.  The  pseudo-steady-state  approach  assumes  that  this  streamline  would  be 
invariant  within  a  selected  time  increment,  say,  one  hour.  As  before,  the  plume 
generated  during  that  hour  can  be  simulated  by  a  segment  as  shown  in  Figure  2-2b  where 
the  centerline  of  the  plume  is  defined  by  the  vector  U  (Sn,  t)  At.  If  this  length  is  small 
compared  to  the  radius  of  curvature  of  the  streamline,  then  the  segment  will  accurately 
follow  the  streamline.  If  this  is  not  the  case,  and  finer  time-scale  wind  data  is  available, 
then  a  better  fit  is  achieved  by  using  a  smaller  time  interval  _\  t. 


*  In  contrast  to  a  streak  line,  a  streamline  at  any  moment  is  defined  by  the  velocity 
vectors  in  the  flow.  The  flow  is  parallel  to  the  streamlines.  It  does  not  define 
the  flow  trajectory,  except  in  steady  flow. 
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Source 


£  5  cs0 ,  t) 


s1  u  (S  ,t) 


wind  vectors 
FIGURE  2-2a.    A  steady-state  stream  line  at  time  t. 
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Source 


FIGURE  2-2b.    Plume  generated  along  this  stream  line  starting  at  time  t. 


U  (S0,t+1) 


Source 


FIGURE  2-2c.    Stream  lines  at  time  t  +  a. 


Source 


FIGURE  2-2d. 


Plume  generated  starting  at  time  t  plus  transport  of  earlier 
plume  segment  by  wind  between  Sn  and  S<-. 
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At  time  t  +  1  the  wina  field  may  be  different  than  before,  say  as  in  Figure  2-2c.  In 
that  figure,  S,  is  the  coordinate  location  representing  the  flow  to  which  the  front  of  the 
initial  plume  is  now  subjected.  After  one  hour  the  result  is  as  shown  in  Figure  2-2d, 
where  a  new  plume  segment  has  been  generated  with  length  and  direction  U  (SQ,  t  +  1)  _l  t 
and  the  ends  a  and  b  of  the  prior  segment  have  been  transported  by  an  amount  U 
(Ss,  t  +  l)-lt  and  U  (S„,  t  +  lMt,  respectively,  to  reach  the  locations  a'  and  b'. 

2 A      Diffusion  Algorithms 

The  AVMSTM  has  a  set  of  diffusion  coefficients  for  complex  terrain  that  relates  the 
diffusion  with  the  measured  terrain  roughness  (o*  )  and  with  the  measured  or  predicted 
fluctuation  (o  q)  and  meander  {1q  )  of  the  wind.  A  detailed  discussion  of  the  derivation 
of  these  coefficients  appears  in  a  paper  by  Mullen,  et  al  (1977b).  The  diffusion  algorithms 
generated  were  designed  to  accept  measured  fluctuation  and  meander  data  but  are 
general  enough  to  operate  with  estimates  of  fluctuations  based  on  standard  stability 
classifications,  as  in  AEC  Guide  23  (AEG,  1972),  if  measured  data  are  not  available  or 
better  correspondence  between  observed  and  predicted  concentrations  can  thus  be 
obtained.  The  terrain  roughness  (a  )  is  determined  from  U5GS  maps  of  the  terrain  using 
a  simple  technique  developed  by  AV  for  the  utilization  of  LO-LOCAT  turbulence  data  for 
diffusion  modeling  (MacCready,  et  al,  1974). 

The  diffusion  algorithms  are  modified  versions  of  formulae  suggested  by  Briggs 
(1974)  for  open  country  conditions.  The  Briggs  formulae  are  functions  of  distance  and 
Pasquill  stability  class.  Calculations  of  diffusion  coefficients  based  on  a  discrete  set  of 
stability  categories  do  not  necessarily  bear  a  direct  relation  to  actual  turbulence  levels, 
particularly  in  complex  terrain.  Therefore,  in  the  AVMSTM  model,  diffusion  coefficients 
are  constructed  based  on  the  measured  value  of  o*o  (the  r.rn.s.  wind  vane  fluctuations), 
which  is  a  continuous  and  directly  related  function  of  the  turbulence.  The  Briggs 
functional  dependence  with  distance  was  approximately  retained  in  these  modified 
expressions,  but  the  Briggs  family  of  equations  were  replaced  by  a  single  equation  that  is 
a  function  of  a q  and  uses  it  as  a  scaling  factor  to  regenerate  the  family  of  dispersion 
curves.  The  horizontal  dispersion  equation  was  further  rnoaified  to  account  for  the 
effective  increase  in  horizontal  dispersion  due  to  the  meander  of  the  wind,  when  meander 
data  are  available,  and  the  vertical  dispersion  equation  includes  enhancement  of  the 
vertical  component  of  the  turbulence  by  terrain  roughness. 
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* 


%  The  resulting  a     and  a     (horizontal  and  vertical  dispersion  coefficients)  are  defined 

y  * 

as: 

?  ?   0.5  0.5 

a      =     0.009  x(o0       +     -^  z)  (1    +   0.0003  x) 

and  under  stability  classes  A  through  E: 


u  rms    „      0-13        -0.475  0.5  1- 

a       =     H      +   0.45    o\  ,.      _  nr>r«_     x 

z  m  tr  u  a.     x  (1  +  0.0003  x  ) 


,         .       _  _,       -0.03  afl 
where  k  =  0.86  -  e  u 

whereas,  under  stability  Class  F  or  G; 


z  m  tr  u  a     x  (1  +  0.0003  x) 

u 

u  n  one         -  0.03  art 

where  p   =    0.928  -  e  6 

here,  x  is  the  downwind  distance,  u  the  wind  speed,  and  H      the  initial  plume  speed.    The 
rest  of  the  symbols  have  previously  been  defined. 

An    approximation    for    H       has    been    empirically    derived    by    examining    plume 
photographs  and  is  equal  to  10%  of  the  plume  rise  at  any  x. 
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3.        VALIDATION  OF  AVMSTM 

The  diffusion  algorithm  portion  of  AVMSTM  was  validated  in  1977  using  data 
collected  in  hilly  terrain.  Results  of  such  validation  are  presented  in  a  paper  by  Mullen, 
et  al  (1977b).  The  wind  field  submodel  has  also  been  validated.  Validation  results  are 
discussed  by  Sklarew  and  Wilson  (1976). 

The  validation  experiment  performed  in  September  1978  was  designed  to  evaluate 
the  overall  performance  of  the  model,  namely,  the  capability  of  the  model  to  predict 
correctly  the  spatial  distribution  of  pollutant  concentrations  in  complex  terrain.  If  a  good 
correlation  exists  between  model  predictions  and  observations,  the  plume  transport 
submodel  will  also  be  validated.  More  importantly,  a  good  correlation  would  mean  that 
the  model  is  well-suited  for  the  assessment  of  impacts  of  the  proposed  development  by 
the  C-b  Shale  Oil  Venture  on  Tract  C-b. 

To  follow  through  this  chapter,  one  has  to  read  the  report  on  the  experiment  (Chan 
and  Smith,  197S),  which  is  included  here  by  reference. 

3.1      Validation  Procedure 

The  AVMSTM  model  requires  a  significant  amount  of  computer  core.  Thus,  an 
optimal  number  of  grid  cells,  meteorological  data  sites,  and  receptor  locations  has  to  be 
predetermined.  For  the  validation,  a  10  x  10  x  10  grid  system,  five  wind  sites  and 
nineteen  receptors,  were  used.  The  grid  system  is  needed  only  for  the  wind  field 
determination.  Concentrations  can  be  predicted  at  any  locatioin  where  the  exact 
coordinates  are  specified. 

The  x,  y  plane  of  the  grid  system  is  shown  in  Figure  3-1.  Each  cell  has  a  width  of 
800  m.  The  depth  of  a  cell  is  30  m.  Elevation  of  each  grid  was  specified  for  the  model. 
The  grid  system  was  designed  to  orient  the  Piceance  Creek  along  a  row  of  grid  ceils  as 
well  as  to  include  most  of  the  receptors.  As  shown  in  Figure  3-1,  receptor  sites  6,  8,  20, 
and  22  are  outside  the  grid  boundary.  Measurements  at  those  locations  showed 
insignificant  amounts  of  SF^.  Predictions  at  receptors  along  the  north,  east,  and  west 
boundaries,  as  discussed  later,  also  showed  insignificant  concentrations.   Thus,  inclusion  of 
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FIGURE  3-1.       Grid  system  used  in  modeling. 
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those  sites  would  only  improve  the  correlation  between  predictions  and  observations. 
Exclusion  of  those  locations  would  increase  the  difficulty  of  validation  of  the  model  and 
thus  increase  the  credibility  of  the  applicability  of  this  model  if  a  good  correlation  can 
still  be  obtained. 

Quite  a  bit  of  wind  shifts  occurred  during  each  hour  of  the  experiment,  as  evidenced 
by  the  spatial  distribution  of  SF.  concentrations,  presented  in  Figures  3-13  through  3-22 
of  the  report  by  Chan  and  Smith  (1978).  In  order  for  the  model  to  be  able  to  simulate  such 
wind  shifts,  plume  streak  lines  were  computed  at  15-minute  intervals.  Wind  observations 
for  each  15-minute  interval  were  used  to  generate  the  entire  wind  field.  Measured  data 
at  meteorological  sites  022,  023,  045,  and  048  (see  Figure  2-9  of  report  on  experiment) 
were  used.  In  addition,  wind  data  at  the  source  was  also  used  as  an  input  to  the  model. 
The  wind  at  the  source  was  estimated  based  on  the  observation  of  the  orientation  of  the 
kytoon  as  well  as  measurements  at  meteorological  sites  020,  024,  042,  and  056. 

The  input  data  are  too  voluminous  to  tabulate  in  the  text.  They  are  presented 
instead  in  Appendix  A. 

For  each  of  the  two  days  of  experiment,  simulation  by  AVMSTM  of  SF,  release  was 
initiated  at  0500  MDT,  an  hour  before  ground  level  SF,  concentration  data  were  available. 
This  allowed  the  plume  to  establish  itself,  simulating  a  quasi-steady  state  situation.  The 
AVMSTM  was  run  continually  through  1100  MDT.  Outputs  of  the  model  are  discussed  in 
the  next  section. 

3.2      Validation  Results 

In  an  air  quality  impact  assessment,  modeling  of  the  impact  from  a  development  is 
usually  performed  for  the  worst-case  situation.  The  objective  is  to  determine  if  such  a 
development  would  cause  exceedances  of  any  standards  or  maximum  allowable  incre- 
ments. Emphasis  is  placed  on  being  able  to  predict,  as  accurately  as  possible,  high 
concentrations.  A  good  model  should  thus  be  one  that  is  capable  of  giving  reasonably 
accurate  answers  under  conditions  conducive  to  high  pollution.  Even  if  such  a  model 
misses  predictions  of  low  concentrations,  it  should  still  be  considered  applicable  for  use  in 
the  impact  assessment.  This  should  be  kept  in  mind  in  evaluating  the  results  presented  in 
this  section. 
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One  of  the  special  features  of  AVMSTM  is  its  ability  to  track  a  plume.  Figure  3-2 
shows  the  plume  streak  lines  for  each  15-minute  interval  during  0600  MDT  on  14 
September  197S  as  predicted  by  the  model.  For  the  first  half  hour,  the  plume  drained 
down  to  Piceance  Creek  then  turnea  and  flowed  along  the  Creek.  For  the  last  half  hour, 
the  plume  was  predicted  to  rotate  in  a  counterclockwise  direction  from  going  toward  the 
north-northeast  to  going  toward  the  west.  During  this  time  period,  the  plume  still 
followed  the  terrain  down  into  and  then  flowed  along  the  Creek.  This  unique  ability  is  a 
major  contribution  to  the  success  of  the  model  in  predicting  the  spatial  distribution  of 
concentrations. 

Table  3-1  presents  a  comparison  of  predicted  versus  observed  SF.  concentrations, 
showing  a  good  correspondence  between  observed  and  predicted  values. 

The  overall  performance  of  the  AVMSTM  for  the  two  days  of  simulation  is  indicated 
by  the  linear  regression  plot  of  observed  versus  predicted  concentrations  in  Figure  3-3. 
The  correlation  coefficient  was  0.91.  The  intercept  was  0.01  and  the  slope  was  0.87. 
Such  a  good  fit  indicated  that  the  model  was  able  to  predict  reasonably  well  the  spatial  as 
well  as  temporal  variability  of  pollutant  concentrations  under  various  meteorological 
conditions. 

To  test  how  well  the  model  predicted  the  spatial  distribution  for  each  hour  of  the 
experiment,  regressions  of  data  sets  for  each  hour  were  made.  Table  3-2  presents  the 
correlation  coefficients,  intercepts,  and  slopes.  Good  correlations  were  obtained  for  all 
hours.  All  intercepts  were  less  than  0.5,  an  artifact  due  to  the  large  numbers  of  low 
values,  both  in  the  predicted  and  observed  concentrations.  The  slope  gives  a  better 
indication  on  how  closely  the  predictions  were  to  the  observations.  There  was  only  one 
hour,  where  the  predictions  were  about  12%  lower  than  observations.  One  hour  had  a 
slope  of  1.00.  Six  hours  had  slopes  between  .75  and  .95,  indicating  that  the  model  was 
overpredicting  by  about  596  to  25%.  The  remaining  two  hours  showed  overpredictions  of  a 
factor  of  two  and  five.  However,  the  very  high  overpredictions  (a  factor  of  five)  occurred 
in  the  hour  when  none  of  the  observations  were  higher  than  .55  ug/m  .  As  pointed  out 
earlier,  the  most  important  merit  of  a  model  is  to  be  able  to  predict  accurately  when 
the  concentrations  are  'nigh,  which  was  what  the  AVMSTM  showed  it  could  do. 
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FIGURE  3-2.       Streak  lines  of  the  SF    plume  predicted  by  AVMSTM  for 
0600  MDT,  14  September  197S. 
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TABLE  3-2.  Linear  regression  results  for  individual  hours  of  predictions 

versus  observations. 


Correlation 

Date 

Time  MDT 

Coefficient 

Intercept 

Slope 

9/14/78 

0600-0700 

.88 

-0.3* 

.92 

0700-0800 

.95 

-0.12 

1.12 

0800-0900 

.89 

-0.26 

1.00 

0900-1000 

.99 

0.08 

.80 

1000-1100 

.91 

0.25 

.88 

9/15/78 

0600-0700 

1.00 

.01 

.76 

0700-0800 

.99 

.01 

.76 

0800-0900 

.99 

.01 

.76 

0900-1000 

.83 

.30 

.48 

1000-1100 

.72 

.04 

.22 
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The  ability  of  the  model  to  predict  the  temporal  variations  of  SF    concentrations  is 

D 

illustrated  in  Figure  3-4.     Sites  2,  3,  and  16  were  selected  because  they  were  the  only 

3 
sites  with  observed  concentrations  greater  than  1.5ug/m   .    The  ability  of  the  model  to 

track  the  temporal  variability  of  the  SF,  concentrations  at  affected  receptors  is  obvious. 
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FIGURE  3-4.        TrenG  analysis  of  preoictea  ar.a  observed  SF    concentration 
at  Sites  2,  3,  ar.G  lb. 


3-10 


k.        CONCLUSIONS 

A  wide  spectrum  of  meteorological  conditions  were  observed  on  the  tract  during  the 
experiment.  Stability  conditions  varied  from  Class  D  to  Class  F,  wind  speeds  ranged  from 
less  than  1  m/s  to  over  10  m/s,  and  wind  directions  covered  all  cadrinal  points.  Yet,  the 
model  was  able  predict  reasonably  well  for  the  whole  period  of  the  experiment.  In  fact, 
the  correlation  coefficient  between  observed  and  predicted  SF,  concentrations  was  0.91. 
This  is  a  good  indication  that  AVM5TM  is  applicable  for  assessing  impacts  from  activities 
on  Tract  C-b  under  all  meteorological  conditions  (or,  at  least,  when  the  atmosphere  is 
neutral  or  stable).  The  slope  of  the  linear  regression  was  0.87.  This  implies  that  using 
AVMSTM  without  any  calibration  factors  would  result  in  overpredictions  in  the  average  of 
about  139o. 
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APPENDIX  A 
Listings  of  Inputs  to  AVMSTM 


Listings  of  Inputs  for  Day  1 


Ik  September  1978 
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1.        PROJECT  DESCRIPTION 

The  current  air  quality  and  meteorology  measurement  program  on 
Federal  Prototype  Oil  Shale  Lease  Tract  C-b  near  Rio  Blanco,  Colorado,  is 
being  performed  to  comply  with  the  lease  agreements  between  the  C-b  Shale 
Oil  Venture  and  the  U.S.  Department  of  the  Interior,  as  well  as  with  the 
additional  conditions  imposed  by  the  Area  Oil  Shale  Supervisor.  The  air 
quality  and  meteorological  monitoring  network  is  being  operated  to  comply 
with  these  tract  lease  terms,  and  to  generate  data  of  adequate  quality  to 
meet  the  regulatory  requirements  of  the  U.S.  Environmental  Protection 
Agency  and  the  Air  Pollution  Control  Division  of  the  Colorado  Department 
of  Health.  The  air  quality  parameters  being  monitored  include  sulfur 
dioxide,  hydrogen  sulfide,  carbon  monoxide,  ozone,  oxides  of  nitrogen,  nitric 
oxide,  nitrogen  dioxide,  and  total  suspended  particulates,  while  the 
meteorological  parameters  include  wind  speed  and  direction,  temperature, 
lapse  rate,  relative  humidity,  barometric  pressure,  solar  radiation, 
atmospheric  mixing  height,  turbulence,  precipitation  and  evaporation. 

AeroVironment  (AV)  is  responsible  for  the  design,  operation, 
maintenance  and  calibration  of  such  a  program,  and  for  reduction  of  the 
data  generated  by  the  network.  Day-by-day  station  checks  will  be 
conducted  by  Occidental  Oil  Shale,  Inc.  personnel  following  procedures 
established  by  AV. 
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2.         ORGANIZATION  AND  RESPONSIBILITY 

Corporate  level  management  for  AeroVironment's  activities  on  the  C-b 
Tract  is  provided  by  Dr.  War  Tombach,  AeroVironment's  Vice  President, 
Environmental  Programs.  Technical  and  project  management  is  the 
responsibility  of  Mr.  Michael  Chan,  Manager  of  Air  Quality  Studies. 

The  quality  assurance  aspects  of  the  project  are  supervised  by  Dr. 
Andrew  Huang,  who  is  in  charge  of  calibration.  Mr.  Bruce  Wright,  Manager 
of  Field  Operations  is  responsible  for  the  operation  and  maintenance  of  the 
monitoring  equipment,  and  Mr.  John  Blair,  Manager  of  Data  Processing,  for 
the  data  reduction.  Daily  station  checks  are  performed  by  Occidental 
personnel. 

An  organization  chart  for  the  quality  assurance  portions  of  the  project 
is  presented  in  Figure  2-1. 
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FIGURE  2-1.    Project  quality  assurance  organization  chart. 
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3.        PROJECT  QUALITY  ASSURANCE  PROGRAM 


Quality  assurance  is  an  integral  part  of  a  project.  In  this  section, 
detailed  procedures  for  each  quality  assurance  element  considered  essential 
to  the  project  are  presented. 

3.1       Monitoring  Site  Selection 

Monitoring  site  selection  criteria  included  the  following: 

a)  No     obstructions     between     the     potential     sources     and     the 
monitoring  points; 

b)  No  interference  from  other  local  sources; 

c)  Potential  maximum  air  pollution  impact  for  future  development; 
and 

d)  Representativeness  of  area-wide  air  quality  and  meteorology. 

Potential  air  contaminant  sources  in  the  C-b  tract  have  been 
documented  in  a  publication  entitled  "Oil  Shale  Tract  C-b  Modifications  to 
Detailed  Development  Plan,"  submitted  by  Ashland  Oil,  Inc.,  and  Occidental 
Oil  Shale,  Inc.  to  the  Area  Oil  Shale  Supervisor  in  February  1977.  The 
current  monitoring  network  has  been  designed  according  to  that  document, 
taking  into  consideration  the  existing  baseline  monitoring  network. 

Figure  3-1  illustrates  the  monitoring  sites  selected.  As  indicated, 
there  are  four  monitoring  stations,  Sites  020,  023,  0^2,  and  056.  A  station 
operational  schedule  which  includes  the  air  quality  and  meteorological 
parameters  involved  is  presented  in  Table  3-1. 
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FIGURE  3-1  .   Air  Quality  and  Meteorology  Monitoring  Locations 
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3.2      Monitoring  Equipment  and  Procedure 


An  amendment  to  Federal  Register  Section  51.17a  "Air  Quality 
Monitoring  Methods"  (Federal  Register,  Vol.  Ul}  ■  No.  232,  Wednesday, 
December  1,  1976)  stated  that: 


(2)  Any  analyzer  for  SO?,  CO,  or  photochemical 
oxidant  purchased  before  February  IS,  1976,  may  be 
used  for  purposes  of  51.17  (a)  up  to  and  including 
February  IS,  19S0.  Any  analyzer  for  NO-  purchased 
prior  to  1  year  after  date  of  promulgation  of  these 
amendments  may  be  used  for  purposes  of  51.17(a) 
for  a  period  not  to  exceed  three  years  after  date  of 
promulgation  of  these  amendments.     " 


Therefore,  for  the  on-going  Cb  project,  it  is  required  by  the  EPA  that  the 
monitoring  instruments  for  SO-,  CO,  and  O-  be  converted  to  the  instruments 
which  EPA  designates  as  reference  or  equivalent  methods  by  February  IS, 
19S0.    The  equivalent  date  for  instruments  for  NO->  is  December  1,  1979. 

Accordingly,  AeroVironment  utilizes  the  presently  existing  equipment 
as  much  as  possible  and,  as  appropriate,  plans  to  convert  the  equipment  in 
order  to  comply  with  the  rules  and  regulations  set  forth  by  the  EPA.  Table 
3-2  presents  a  list  of  equipment  being  used  or  to  be  used  at  the  four 
different  monitoring  sites.  Manufacturers'  specifications  are  included  in 
Appendix  A. 

All  of  the  parameters  of  interest  are  monitored  continuously  except 
for  TSP,  which  is  measured  at  three-day  intervals.  The  output  from  the 
instruments  will  be  recorded  by  use  of  a  Monitor  Labs  Model  9300  data 
acquisition  system  and  backed  up  by  an  Esterline  Angus  Model  E112'f  E 
multipoint  chart  recorder  at  each  of  the  020,  and  023  sites.  At  present,  only 
EA  multipoint  chart  recorders  are  used  as  primary  recording  means. 

Data  will  be  scanned  using  the  data  acquisition  system  at  10-second 
intervals.  The  5-minute  averages  or  5-minute  average  r.m.s.  values  as 
calculated  from  the  scanned  data  are  then  recorded  on  magnetic  tapes.    The 
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5-minute  and/or  scanned  values  can  be  printed  in  tabular  form  on  a  printer 
on  demand  at  each  of  these  stations.  The  back-up  EA  chart  recorder  logs 
data  at  2-1/2-minute  intervals.  At  Sites  042  and  056,  integral  strip  chart 
recorders  are  used  to  monitor  the  meteorological  parameters.  As  for  TSP,  a 
Dickon  recorder  is  used  to  record  the  high  volume  sampling  flow  rate 
throughout  the  24-hour  sampling  period. 

An  environmentally  controlled  shelter  is  provided  at  Sites  020,  and  023 
to  meet  the  instrument  manufacturers'  requirements.  The  equipment  used 
at  Sites  042  and  056  requires  no  environmental  control. 

3.3      Data  Reporting 

Data  collected  on  magnetic  tapes  and  strip  charts  will  be  reduced  to 
obtain  hourly  averages  of  all  parameters.  One-hour  statistical  description  of 
wind  and  turbulence  will  also  be  calculated.  Calibration  factors  obtained 
during  calibrations  are  then  applied  to  arrive  at  final  data. 

AeroVironment  will  provide  computer-printed  tables  of  hour-by-hour 
averages  for  each  month,  except  for  TSP  which  will  be  given  for  24-hour 
sampling  periods. 

o         Raw  Data  Reduction  Procedure 

Data  gathered  on  the  magnetic  tapes  is  compiled  by  computer  to 
arrive  at  hourly  averages  of  the  parameters  of  interest.  In  the  case  of  strip 
charts,  in  general  the  data  is  manually  digitized,  using  a  computer  digitizer, 
to  obtain  hourly  averages.  In  a  few  cases,  manual  strip  chart  reduction 
procedures  will  be  used.  The  raw  data  thus  derived  are  recorded  on 
magnetic  tape  and  are  printed  on  appropriate  data  forms,  together  with 
other  information  on  instrument  status,  such  as  times  of  calibration, 
maintenance,  instrument  malfunction,  etc.  Pertinent  sections  of  AeroViron- 
ment's  data  reduction  procedure  are  included  in  Appendix  D. 
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o  Data  Calculation  Procedure 

The  zero  and  span  sources  whose  values  are  determined  at  the  monthly 
multipoint  calibration  (see  Section  3.5)  are  fed  into  the  respective 
instruments  daily,  and  the  instrument  responses  recorded.  The  calibration 
factors  are  calculated  based  on  these  data,  and  they  are  applied  to  the 
monitored  data  for  the  next  2h  hours  or  until  the  next  zero  and  span  checks 
occur.  This  approach  insures  that  the  instrument  drift  problems  are  adjusted 
on  a  daily  basis. 

Occasionally  the  instrument  zero  and  span  checks  would  give  values 
which  exceed  control  limits  established  (see  Section  3.6  and  Appendix  E). 
This  might  be  caused  by  excessive  instrument  drifts  and/or  unstable 
calibration  sources.  (In  this  case,  the  instruments  will  have  to  be  readjusted 
or  calibration  sources  replaced  as  soon  as  this  kind  of  problem  is  detected 
during  a  daily  station  check.)  The  concept  of  extending  one  set  of 
calibration  factors  over  the  next  24  hours  would  not  give  correct  data. 
Under  these  circumstances,  the  data  from  the  computer  output  is  further 
calibrated  by  AV  by  use  of  the  linear  interpolation  of  the  two  sets  of 
calibration  factors  over  the  intervals  concerned.  The  calculations  are 
handled  by  the  AV  in-house  computer. 

3.4      Data  Validation 

As  noted  before,  the  data  system  logs  data  once  each  five  minutes, 
giving  12  values  per  hour.  An  hour  of  data  is  considered  valid  if  it  includes 
six  5-minute  periods;  i.e.  this  allows  6  values  to  define  an  hour.  Strip  chart 
data  is  considered  to  represent  the  hour  if  more  than  30-minutes  of  the. 
record  is  valid. 

Data  collected  in  the  first  15  minutes  after  calibration  is  generally 
discarded.  Data  is  considered  erroneous  if  any  of  the  status  indications  or 
the  station  log  suggest  instrument  malfunctioning.  In  addition,  air  quality 
data  collected  in  the  first  15  minutes  after  a  brief  power  outage  (less  than 
10  minutes),  in  the  first  hour  after   a  medium  duration  outage  (up  to  one 
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hour),  or  in  the  first  four  hours  after  longer  outages,  will  be  discarded  as 
unreliable.  Any  anomalous  data  reflecting  signal  spikes  or  dropouts  with  a 
response  rate  faster  than  ascribable  to  atmospheric  phenomena  (e.g.,  a 
tripling  of  NO  levels  from  one  scan  to  the  next,  followed  by  a  return  to  the 
old  level  on  the  succeeding  scan)  will  be  deleted  as  an  artifice  caused  by  the 
system. 

As  an  additional  check,  the  calibrated  data  is  also  screened  manually. 
First,  data  is  scanned  to  detect  extreme  values.  When  a  spurious  value  is 
located,  it  will  be  checked  for  its  validity.  In  all  cases  when  invalidated 
data  is  deleted,  a  record  of  these  deletions  is  maintained.  Only  the 
validated  data  is  reported. 

3.5      Calibration 

Monthly  multipoint  calibrations  of  all  air  quality  instruments  are 
performed.  Calibration  of  air  quality  instruments  was  carried  out  at  the 
start  of  the  project,  and  monthly  thereafter  by  AV.  The  purpose  of  the 
monthly  calibration  is  tv/o-fold:  1)  to  check  the  instrument  linearity  and,  2) 
to  assign  the  values  of  the  on-site  calibration  sources  so  that  they  are  NBS 
traceable.  For  meteorological  equipment,  off-site  calibration  was  done  in 
the  first  three  months,  and  calibration  checks  are  performed  quarterly 
thereafter  by  AV.    Table  3-3  presents  the  schedule  for  calibrations. 

o  Methodology 

The  air  quality  instruments  for  SO?,  HLS,  O-.,  and  NO/NO  will  by 
dynamically  calibrated  by  use  of  a  Monitor  Labs  Model  S500  Dynamic 
Calibration  System.  This  calibrator  utilizes  the  permeation  principle  for 
SOy  and  H-S,  ozonation  of  air  for  ozone,  and  dilution  of  concentrated  NO  to 
ambient  level  NO,  and  can  perform  gas  phase  titration  of  NO  and  O,  for 
NO~  calibrations.  It  is  capable  of  producing  stable  concentrations  for  the 
purpose  of  calibration  of  the  instruments.  For  the  CO  instruments,  three 
cylinders  of  gases  containing  approximately  0,  't,  and  8  pprn  of  CO  are  used 
to  calibrate  the  analyzers. 
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Instrument  linearity  will  be  established  by  multi-point  calibration.    AV 
calibration  record  forms  are  included  in  Appendix  C. 

The  calibrator's  SO-,  permeation  tube  output  is  calibrated  quarterly  by 
using  the  EPA-prescribcd  pararosaniline  method  (Federal  Register,  Vol.  36, 
No.  84,  Part  II,  April  30,  1971);  hLS  output  by  the  cadmium  hydroxide 
stractan  method  (Intersociety  Committee,  American  Public  Health  Associ- 
ation, Washington,  D.C.,  1972);  and  O  output  by  the  EPA  prescribed  1% 
neutral  buffered  potassium  iodide  (NBKI)  method  (Federal  Register,  ibid). 
The  concentrated  NO  cylinder  used  (^100  ppm)  is  NBS  traceable,  and  the 
traceability  is  maintained  by  re-analyzing  the  cylinder  once  every  six 
months  by  using  an  NDS  cylinder.  The  dilution  system  of  the  calibrator  is 
checked  once  every  three  months  by  using  an  NBS  traceable  test  meter.  The 
NO  dilution  output  from  the  calibrator  is  further  calibrated  quarterly  by  use 
of  the  Saltzman  method  (Intersociety  Committee,  ibid). 

Cylinders  used  to  calibrate  the  CO  instrument  are  NBS  traceable.  The 
traceability  is  maintained  by  re-analyzing  the  cylinders  once  every  six 
months  by  using  an  NBS  cylinder. 

The  high  volume  sampler  is  calibrated  monthly  by  use  of  a  set  of 
resistance  plates  which  in  turn,  is  calibrated  by  using  an  NBS  traceable 
Roots  Meter  once  a  year.  The  balance  used  for  weighing  glass  fiber  filters  is 
calibrated  quarterly  by  using  a  set  of  NBS  traceable  weights. 

Consistency  checks  are  made  for  all  the  calibration  results  on  the  AV 
transfer  standards,  namely  the  iVlonitor  Labs  Calibration  System  and  CO 
cylinders.  The  emphasis  of  the  quality  assurance  program  is  to  establish  an 
unbroken  chain  of  traceability  of  the  reported  data  to  the  EPA  reference 
methods  or  NBS  standards. 

Calibration  of  some  of  the  meteorological  equipment  is  done  off-site 
as  indicated  in  Table  3-3.  Detailed  calibration  schedule  is  presented  in 
Table  3-4.  The  wind  sensors  are  calibrated  by  use  of  an  NBS  traceable  wind 
tunnel,  the  temperature  sensors  by  use  of  an  NBS  traceable  thermometer, 
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and    the    pressure    sensors    by    use    of    an    NBS    traceable    barometer.      The 
accuracy  of  the  methods  will  be  traceable  to  NBS  standards  when  applicable. 

3.6      Station  Check 

Station  checks  are  performed  daily  by  the  C-b  Shale  Oil  Venture 
personnel  following  the  procedure  established  by  AV  and  using  the  Daily 
Check  List  form,  as  provided  in  Appendix  D.  The  main  concerns  here  are  to 
insure  that  the  analyzers  and  the  supporting  equipment  are  in  proper  working 
condition. 

Zero  and  span  are  checked  for  the  analyzers  during  the  station  check. 
For  SOy,  HyS,  O-,,  and  NO/NO  instruments,  this  is  accomplished  by  use  of 
the  on-site  Meloy  RAD-1  calibrators  which  operate  on  the  same  principle  as 
the  Monitor  Labs  8500  (Section  3.5)  except  that  they  produce  only  one 
concentration  for  each  of  SO_,  O..  and  NO.  (H?S  analyzer  is  checked  by 
input  of  SO-,).  For  CO,  a  hydrocarbon-free  air  cylinder  and  a  span  cylinder 
containing  approximately  S  ppm  of  CO  are  used. 

The  zero  and  span  values  for  each  instrument  will  be  used  to  create 
control  charts,  guidelines  for  which  have  been  described  ("Quality  Assurance 
Handbook  for  Air  Pollution  Measurement  Systems,  Vol.  1  —  Principles,"  EPA- 
600/9-76-005,  1976).  The  control  charts  will  be  a  useful  tool  to  detect  early 
instrumental  problems.    Appendix  E  gives  the  AV  Control  Chart  form. 

Any  instrument  problems  are  reported  by  the  station  check  personnel 
to  AV  on  the  same  day  so  that  corrective  action  can  be  initiated  as  soon  as 
possible.  In  addition,  an  instrument  station  report  is  provided  weekly  by  the 
station  check  personnel  to  AV.  Appendix  F  shows  the  AV  instrument  status 
report  form. 

3.7       Preventive  Maintenance 

Maintenance    procedures    and   schedules    arc    in   accordance    with   the 
manufacturer's     instructions     and     AeroVironment's     experience     with     the 
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instruments.  A  schedule  for  routine  maintenance  required  to  insure  proper 
data  collection  by  the  instruments  is  shown  in  Table  3-5.  Major  preventive 
maintenance  is  performed  quarterly  as  shown  in  Table  3-3. 

3.8       Audits/Inter  laboratory  Tests 

This  project  will  continue  to  participate  in  the  Western  Energy  Quality 
Assurance  Program  sponsored  by  EPA  to  establish  data  credibility.  The 
frequency  of  this  audit  is  approximately  once  every  three  months.  A  report 
is  provided  by  the  EPA  after  each  audit.  Should  a  discrepancy  exist  which 
warrants  further  investigation,  it  will  be  so  recommended  in  order  to  resolve 
the  differences. 

AeroVironment  participates  in  various  continuing  interlaboratory 
comparison  programs,  as  part  of  its  own  internal  QA  program.  Of  particular 
interest  here  is  AV  involvement  in  the  Ambient  Sulfur  Dioxide  Cross 
Reference  and  Atmospheric  Air  Monitoring  Cross  Reference  Services  of 
Scott  Environmental  Technology,  Inc.,  Piumsteadville,  Pennsylvania.  The  C- 
b  project  benefits  from  this,  since  the  calibrations  of  all  AV  operated 
programs  are  cross-correlated  with  each  other  at  all  times. 

3.9      Spare  Provisions  Policy 

For    the    air    quality    instruments,   it    will    be   a   goal    that    a    back-up 

instrument   be  available  for  each  of  the  significant  air  quality  parameters 

measured.    The  back-up  instrument  is  to  be  in  working  condition  at  all  times 

so  that  it  can  replace  a  like  malfunctioning  instrument,  or  a  circuit  card  or 

component   can   be   removed   from   it   to  repair  an  on-site  instrument.     The 

resulting  non-operating  instrument  can  then  be  repaired  at  a  more  leisurely 

pace,  without   the   pressure  of   loss  of  data.     An  additional  stock  of  certain 

key  parts,  such  as  pumps,  valves,  motors,  and  lamps,  will  also  be  maintained. 

The  meteorological  equipment  requires  spare  parts,  such  as  wind  cups,  wind 

vanes,  and   circuit   cards.     Complete  spare  systems  usually  are  not   needed 

here.      In   addition,   spares   for   the   calibration   systems,   balances,   and   data 

acquisition  systems  will  be  maintained.      Table  3-6  is  a  list  of  recommended 

spare  parts  to  be  maintained. 
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TABLE  3-5.        Instrumentation  check  and  preventive 

service  in tet  vaJs 


Interval 


Daily 


Service 


Check  span,  zero  and  flows  lor  all  analyzers; 
adjust  and  recalibrate  if  necessary 

Check  relative  humidity  and  barometric  pressure 
readings 

Check  data  system  clock  date  and  time;  reset 
if  necessary 


2  weeks 


1  month 


3  months 


Change  membrane     filter  on  O-.  analyzer  sample 
line 


Change  membrane     filter  on  NO/NO     and  GC 
analyzer  sample  lines 


6  months 


Replace  glass  wool  in  sample  cane 
Replace  hi-vol  sampler  motor  brushes 
Reset  data  system  attenuators  and  correlate  with 
analyzer  meters 

Check  operation  of  anemometers  and  alignment 
of  vanes 

Check  calibration  of  temperature  and     AT  sensors 


Clean  and  vacuum  test  sampling  manifold 
Inspect  pump  diaphragms  in  analyzers;  replace 
if  necessary 
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TABLE  3-6.     Recommended  Equipment  Spare  Parts 


Equipment 


Spare    Part 
Description 


Part  No, 


Quantity 


Air  Oualitv 


Meloy   SA   135-2A 
Sulfur   Analyzer 


Bendix   8200 
Environmental 
Chromatograph 


Meloy  OA350-2 
Ozone   Analyzer 


Monitor   Labs  8440E 
NO/NO    Analyzer 


GMWL-2000H 
Hi- Vol  Sampler 


Complete  analyzer 
Flow  capillary 
Hydrogen  regulator 
Septum 

Dilution  orifice 
Sample  pump 
Optical  window 
Heat  shield  window 
H?S  scrubber 
SO  -2  scrubber 
Gelman  charcoal 
.filter 


Complete  analyzer 


Complete  analyzer 
Amplifier 
Critical  orifice 

assembly 
Sample  pump 
Dilution  air  orifice 
Dilution  air  septum 


Complete  analyzer 
Mixer  board  assembly 
Chopper   motor  and 

capacitor 
Drive  belt 
Drive  belt 
Charcoal  scrubber 
Pump  diaphragm 
Sample  pump 

Motor 

Motor  Brush 
Transformer 
Complete  sampler 


-- 

1 

S  900113 

6 

S  900425 

4 

S  90023 

S 

S  90024 

s 

S  900016 

4 

S  20066 

8 

S  900121 

8 

S  001072 

2 

N/A 

2 

N/A 

8 

S  200197 

S  000609 

S  9000S9 
S  900229 
S  900230 


S40000S3 
25SS 

2-049 

2-042 

12001 

S060S14S 

N/A 

N/A 

N/A 
N/A 


10 
10 

10 
10 

1 
1 

2 

1 
1 


TABLE  3-6.     (continued) 
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Equipment 


Spare   Part 
Description 


Part  No 


Quantity 


Meteorological 


WeatherMeasure 
W1034   Wind 
Sensor 

MRI    1074-2 
Wind   Sensor 


WeatherMeasure 
T621-TP1SX 
Temperature 
Sensor 

MRI   840 

Temperature  and 
AT  system 


R.M.    Young  27103 
Prop.    Anemometer 

R.M.    Young  21003 
Prop.    Bivane 

MRI    1071    Mechanical 
Weather  Station 

WeatherMeasure 
H324-S  Hair 
Hygrograph 

AV   300A   Acoustic 
Radar 


Complete  system 
Wind  cup 
Wind  vane 

Complete    1074  head 

Wind  cup 

Wind  vane 

Wind  speed  tach  card 

o 
540     azimuth  card 

Complete  system 


MRI   840-1 
Temperature 

amplifier  card 
MRI  840  series   AT 

probe  set 
AT  amplifier  card 

Complete  set 


Complete  set 


Complete  set 


Hair  bundle 


Basic  spare  parts 
kit 


Type  3L 
W104-V 

1074-2 

N/A 

N/A 

12905 

14303 


N/A 
13495 

N/A 

17090-1 


H324-HB 
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3. 10    Training 

Permanent  on-site  personnel  consists  of  a  station  operator  and  an 
instrument  technician,  both  of  whom  are  employees  of  the  C-b  Shale  Oil 
Venture.  AcroVironment  is  responsible  for  the  training  of  these  individuals. 
In  general,  training  will  be  provided  in  the  following  areas: 

o  Station  operation  and  checking 

o  Instrument  maintenance 

o  Instrument  repair 

o  Instrument  calibration 

o  Record  keeping 

o  Data  reduction 

o  Minisonde  and  theodolite  operation. 

The  training  approaches  vary  from  one  area  to  the  next,  and  include: 

o         Formal    classroom    training  on   equipment   servicing,   by    manu- 
facturers of  equipment  used  on  the  tract. 

o  On-the-job  training,  while  working  in  parallel  with  the  AV  staff. 

o  On-site    instruction    and    practice,    with    AV    technical    staff    as 

instructors,  in  such  areas  as  station  checks,  instrument  calibra- 
tion, and  minisonde  launching. 


The  AeroVironment  staff  involved  with  the  project  is  familiar  with  all 
aspects  of  air  monitoring  system  operation,  and  will  itself  require  no  further 
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training    except    for    familiarization    with   some   of    the   specific   models   of 
instruments  used  on  the  C-b  tract. 


3.11    Others 

o  Hi-vol  filter  weighing  procedure: 

1.  Filters  should  be  inspected  against  light  for  pinholes;  discard  the 
ones  with  pinholes. 

2.  Install  filters  in  a  drying  cabinet  for  at  least  2k  hours  to 
condition.  Make  sure  that  the  desiccant  (Drieritc)  inside  the 
cabinet  is  still  good  (i.g.,  blue  color). 

3.  ~      Weighing  is  done  only  when  the  laboratory  relative  humidity  is 

less  than  50%.  First,  the  balance  is  set  to  0.0000  when  there  is 
no  load.  A  one-point  check,  nominally  at  5  g.,  is  then  carried  out 
to  ascertain  that  the  balance  is  still  good. 

k.  Proceed  to  weigh  all  the  blank  filters  conditioned.  Each  weighed 
blank  filter  is  then  installed  unfolded  in  an  envelope  with  a  label 
recording  the  blank  filter  weight.  Install  the  envelope  containing 
a  blank  filter  in  the  drying  cabinet  to  be  ready  for  use. 

5.  Exposed  filters  should  be  folded  into  one-half  (exposed  surface 
inward)  and  conditioned  as  indicated  in  step  2.  Proceed  the 
weighing  of  the  exposed  filters  by  following  step  3  first. 

6.  Exposed  filter  weight  is  recorded  on  the  same  label  as  the  blank 
filter  weight  so  that  the  net  weight  can  be  derived  by 
subtraction. 

7.  10%  re-weighing  of  the  blank  and  exposed  filters  is  required  for 
internal  quality  assurance  pruposes. 


• 
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APPENDIX  A 

"Equipment  Specifications 

Equipment  Page 

Meloy  5A  1S5-2A  S02  Analyzer  1 

Meloy  SO    -2  Scrubber  to  Modify  SA  185-2A  for  use  as 

an  H~S  Analyzer  h 

Bendix  8200  Environmental  Chromatograph  (HC,  CO)  5 

Meloy  OA  350-2  Ozone  Analyzer  6 

Monitor  Labs  8440E  NO/NO  .  Analyzer  8 

General  Metal  Works  GMWL-2000H  High  Volume  Air  Sampler  9 

WeatherMeasure  W103'-f  Low  Threshold  Recording  Wind  System  10 

Meteorology  Research  1074-2  Wind  Sensor  12 

Meteorology  Research  1071  Mechanical  Weather  Station  13 

WeatherMeasure  T621-TP18X  Remote  Temperature  Indicator  14 

Meteorology  Research  840  Temperature  and   M  System  15 

R.  M.  Young  27103  Gill  Propeller  Anemometer  16 

AeroVironment  300A  Acoustic  Radar  17 

WeatherMeasure  H324-S  Hygrograph  18 

WeatherMeasure  B242  Analog  Output  Barometer  19 

Eppley  Precision  Spectral  Pyranometer  20 
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Rote:   Use  of  this  analyzer  under  EPA  designation  as  a  an  Equiva.- 
lent  Method  requires  operation  on  the  0-5  ppm  full  scale 
range  within  a  temperature  range  of  20-30°C  and  line  volt- 
age range  of  10  5  to  12 5 VAC. 


Analyzer  Performance  Specif ications: 

Range : 

Noise  (WIS)   0%  URL: 
80^  URL: 

Minimum  Detectable  Limit: 


0-0.5  ppm 

.002  ppm 
.003  ppm 

0.0  04  ppm 


Interference  Equivalent: 


+   0.0  2  ppm  each  inter- 
ferent  Max. 
0.06  ppm  Total  inter- 
ferent  Max. 


Zero  Drift: 

(12  and  24  hrs)  : 

Span  Drift:   202  of  URL: 
(24  hr.)      80%  of  URL: 

Lag  Time: 

Rise  Time  (95%) 

Fall  Time  (95%) 

Precision:   20%  of  URL: 
80%  of  URL: 


+   0.0  05  ppm 

+   10%  Max. 
+_   5%  Max. 

10  seconds  max. 

3  minutes  max. 

3  minutes  max. 

.00  5  ppm 
.005  ppm 


Linearity:   a)   With  Linearizer  Output  .+1%  Full  Scale 

(Option  S-l) 


b)   Without  Linearizer 
Output 
(Log-Linear  Output) 


+1%  Full  Scale 


*The  definition  and  .the  method  of  determination  of  these 
specifications  are  given  in  4  0  CFR  53  and  the  Federal  Register, 
Volume  4  0,  Number  33,  Part  II,  "Ambient  Air  Monitoring  Refer- 
ence and  Equivalent  Methods",  (40  FR,  p.  7044,  February  18, 
1975). 
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(Ho    ad justment    of    flow 
or    electrical    systems) 

Sample    Flow    Rate:  Jipprox.    2  00    ml/inin 

Hydrogen    Flow    Rate:  Appro:-:.    125    rnl/min 

Outputs:  a)    Meter:  0-0.5    ,ppm 

(Linear    with    Option    S— 1; 

Log-linear    without   option)  b)     Recorder:  0-100    wv 

0-1    V 


Relative  Humidity  Range:  0-95% 

Ambient  Temperature  Range:        20  to  30°C  (EPA  approved) ,  10-40°C* 

Voltage  Range:  115  +10  VAC,  60  Hz 

Power  Requirements:  250  Watts 

Analyzer  Configuration  Specifications 

Weight:  40  to  50  lbs  (10  to  22  Kg) 

depending  on  options  included 

Case  Dinentions:  17"  (43.2  cm)W  x  20"  (50.8  cm) L 

x  12  1/4"  (31.1  cm)H 

Mountings  Available:  a)   Bench 

b)   Rack  (optional),  19"  (48  cm) 
wide 

Sample  Pump:  Internal 


**Uso  of  this*  analyzer  under  EPA  designation'  as  a  reference 
method  requires  operation  within  a . temperature  range  of  20 
to  30°C  and  105  to  125  VAC.   However,  the  analyzer  will  op- 
erate over  10  to  40°C  with  only  a  small  increase  in  the  noise, 
precision,  and  drift  specifications  stated. 


II?  S    SCRUBBER    SPECIFICATIONS 
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Life 


a.   In  excess  of  9000  hours 
at  typical  ambient  I^S 
level  of  5  ppb. 


Scrubbing  Efficiency; 


Sample  Line: 


Size: 


b.   In  excess  of  4  50  hourj 
for  H2S  concentration 
levels  not  exceeding 
0 . 1  ppm . 

98%  H2S  vrhile  passing  98% 
or  greater  SO2. 

1/8"  (3.175  mm)  OD 
Teflon  Tubing 

4"  (10  cm)  long  x  .625" 
(1.6  cm)  diameter 
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SPECIFICATIONS 

MELOY  SOx-2  SCRUBBER  TO  MODIFY  SA  1S5-2 

FOR  USE  AS  AN  H2S  ANALYZER 


The  SO  -2  Scrubber  is  an  accessory  unit  designed  specifically  to  be 
utilized  with  Meloy  Sulfur  Analyzers.  This  scrubber  removes  Oxides  of 
Sulfur  to  allow  the  FPD  Analyzer  to  measure  total  reduced  sulfurs  such  as 
H-S,  CS-,,  Mercaptans,  etc. 
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B1NDIX  S200  ENVIRONMENTAL  CHROMATOGRARH 


Ranges:  Stepwise  attenuation  for  each  component  with  1,  2,  5,  10,  20, 

50  and  100  sequence.    Basic  range  selectable  from  0-1  ppm  to 
0-100  ppm. 

Precision:  ±1%  of  full  scale. 

Noise  Level:  0.5%  of  full  scale. 

Zero  Drift:  Less  than  ±1%  per  day  and  ±2%  for  three  days  with  automatic 

zero  before  each  component. 

Span  Drift:  Less  than  ±1%  per  day  and  ±2%  for  three  days. 

A  Interference  Equivalent:  Less  than  1  ppm. 

Linearity:  Better  than  2%  of  full  scale. 

Oven  Temperature:  Controlled  to  ±0.5°C. 

Cycle  Time:  Five  minutes. 

Operational  Period:  More  than  3  days  unattended. 

Output  Signal:  Trend  outputs  of  0-1  volt  or  1-5,  4-20,  or  10-50  made  at  12 

volts  for  each  component.   Other  voltages  available. 

Readout:  Chromatogram  and  trend. 

Power:  115  vac,  60  Hz. 


SPECIFICATIONS 

MELOY  OA  350-2  OZONE  ANALYZER 
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Performance  Specif i  cat  .ions 

Ranqe:  0  to    .01  ppm 

0  to    .  1   ppra 

0  to    .5   ppn 

0  to   1.0   ppin 

0  to   5 . 0   ppn 

0  to  10.0   ppm 

f'ini.muFi  Detectable 

•  Sensitivity:         0.0005  ppm 

Noise:  +0.3%  on  0.5  ppm  scale 

Lao  Tine:  less  than  10  sec. 

Pise  Tine  (95%)  less  than  15  sec. 

Fall  Tine  (95%)  less  than  15  sec. 

Precision:  +2%  F.S. 

Zero  Drift:  +1%  F.S.  per  day  on  0.5  pen  scale 

+2%  F.S.  per  day  on  0.01  ppm  scale 
+2%  F.S.  per  3  days  on  0.5  ppm  scale 

Span  Drift:  less  than  +1%  per  day  on  0.5  ppn  scale 

less  tli an  +2%  per  3  days  on  0.5  ppn  seal 

Linearity:  +1%  F.S. 

Operational  Specifications 

Unattended  Operation:       7  days 
(No  adjustment  of 
f  l.o'-'  or  electrical 
systems) 

Sample  Flow  Rate:  Approximately  500  ml/min 
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Ethylene  Flow  Rate:         Approximately  30  ml/min 

Power  Requirement:  115  VAC,  5  0-6  0  Hz ,  25  0  Watts 

Outputs:  Ca)   Meter:   0-10  ppm 

(b)   Recorder:   0-100  rav  and  0-1  volt 

Relative  Humidity  Range     10  to  95% 

Ambient  Temperature  Range:  10-40°C  for  specified  specifications 

Configuration  Specifications 

Weight:  Approximately  4  0  lbs 

Case  Dimension:  19"  W  x  20"  L  x  12  1/4"  II 

Mounting  Available:         (a)   Bench  (Standard) 

(b)   Rack  (Optional) 

Sample  Pump:  Internal 


4 


SPECIFICATIONS 


Zero   Instability 


Span  Stabil  i  ty 


Lag  Tine: 
Repeatabil  i  ty : 

Operating  Temperature: 

Detection  Limit: 

Measuring  Ranges: 

Response  Time 


Document  8441F 
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Less    than   0.1%  full    scale/mo.,  ±3°C 
from   set   temperature  0.025%/°C  over   the 
range  25°C  ±20°C 

Less    than  ±l%/day   span  drift  from  all 

sources  ±5°C   from  cal  .    temp. 

Less    than  ±2%   span  drift/14 . days  ±5°C 

from  cal .    temp , 

Maximum  temperature  coefficient  of  span 

0.2%/OC  over   the  range  25°C  ±20°C 

Less   than  3   sec.    from  step  change  at   input 

±1%  (10  and  NOx  output 

±1  .4%  N02  output 

0OC  to  +50°C 

2ppb  for  NO,   M02,   N0X 

0.2,   0.5,   1.0,    2.0  and   5.0  ppm  full    scale 
(ranges   to   5000  ppm  available) 

1.0  sec,   5  sec,   20  sec,   1   min,  nominal, 
switch  selectable 


Settl  ing  Times 

%  of  final 

answer 

Range     53.5;; 

90% 

99% 

1         1    sec 

2.3   sec 

4.6  sec 

2         5  sec 

11  ,5  sec 

23   sec. 

3       20  sec 

46  sec 

92  sec. 

4         1  min. 

2.3  nrjn 

4.6  mi n . 

' 


SIGNAL 
OUTPUTS 


STATUS  OUT 
(OPTIONAL)" 


FLOW  RATES- 


Recorder : 


DVM : 

Meter  Jack : 

Connector : 

Range: 

Time  Constant: 

Function: 

Warning : 

Power  Failure: 
Connector : 

Samp!  e: 
Ozone: 


Support  Gas  Required 

Sample  Line  Material 

Power 

Weight 

Dimensions 


0-100mv-zero  adjustable  ±5mv,   up  scale 

adjustable  ±20% 

0-lv,    0-2v,   0-5v,   0-1  Ov   optional 

0-2v,   0-lv,   0-.1V,   0-5v,   0-1  Ov   optional 

Output  impedance   less   than  2.5K  ohms 
Front  Panel    0-lv,  adjustable,   10-turn 

calibrated   pot 
Terminal   Strip 

One  of   5  transistor   buffered    (open  collector 
One  of  4   transistor  buffered  outputs 
Transistor-buffered  ,   closure 
Transistor-buffered  ,  closure 
No  Closure  on  range  or   status 
ML   005C0001    supplied 

500  cc/min.    each  channel    nominal 
80  cc/min.    each   channel    nominal 

Ambient  Air 

Stainless   Steel    and  Teflon 

115VAC   50/60  HZ 

32  kg  (70  lbs) 

2  modules  each  22.2  cm  (8  3/4")  high, 

48.3  cm  (17")  wide,  44.1  cm  (17")  deep 

Ma\  be  stacked,  set  side  by  side  or 

rack  mounted . 
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Designed  for  continuous  operation  in  an  nil  weather 
environment,  the  Model  GMWL-2000  1 1  is  a  complete 
monitoring  station  for  the  collection  of  suspended 
patticulate  matter  with  precise  measurement  capa- 
bility. All  instruments  and  components  are  mounted 
within  the  aluminum  shelter  for  complete  protection. 
The  hinged  roof  facilitates  filter  media  exchange. 

The  Model  GMWL-2000  H  is  complete  with  high  vol- 
ume sampler,  seamless  stainless  steel  filter  holder, 
pressure  transducer  recorder,  50  charts,  ink  and  S0- 
volt  protective  transformer  all  housed  in  the  alumi- 
num shelter  ready  to  operate.  A  seven  day  regular 
timer  Model  GMW-70  is  included  as  standard  equip- 
ment. The  timer/  programmer  Model  GMW-80  is 
optional. 


The  sampler  is  a  heavy  duty  turbine  type  blower 
with  high  speed  motor  arranged  with  a  fixed  orilice 
on  the  discharge  end.  Although  factory  calibrated 
against  a  water  manometer,  recalibration  is  sug- 
gested to  suit  barometric  conditions  at  the  site.  Air 
How  is  accurately  measured  by  the  pressure  trans- 
ducer which  provides  a  permanent  record  of  every 
sample. 

Four  bolts,  easily  accessible,  permit  motor  removal 
for  periodic  brush  replacement.  Special  U-clip  con- 
nectors facilitate  brush  changing  and  prevent  dam- 
age to  the  internal  leads.  The  90-volt  transformer 
reduces  the  operating  voltage  to  approximately 
triple  norma!  brush  and  motor  life. 


Specifications: 


Meier  HP  — 0.6 

Speed  — 13.5C0  R.P.M. 

Amperage  —  4.9 

Wattage  —  440 

Max.  Flow  Rate—  52  C.F.M. 

Min.  Flow  Rate  — 20  C.F.M. 

Power  Sourco  —  115  V,  1   phase,  GO  Hertz  (other  electrical 

characteristics  available  on  request) 

Net  Weight  — 63  lbs. 

Shipping  Weight  —  70  lbs. 

Meets  all  Federal  performance  and  dimensional 

specifications  including  Federal  Register  Vol.  36, 

No.  84  dated  April  30.  1971 
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Model  V/103  Cup  Anemometer 
■     ;       DESCRIPTION 

■  A  hijh  response,  low  threshold  wind  r/stem  which  offers  the 
optimum  in  versatility  and  economy.  Design  features  of  the  cup 
anemometer  and  single  fin  aerodynamic  vane  permit  a  choice  of 
sensor  options  to  meet  program  needs  and  budgetary  require- 
ments. Electronic  signal  conditioning  packages  are  available  for 
any  combination  of  sensor  options.  Anemometer  and  vane  hous- 
ings are  cast  from  a  special  aluminum  alloy  and  are  aged  before 
machining.  Surfaces  are  anodized  after  machining.  Sealed  and 
shielded  stainless  steel  permanently  lubricated  bearings  and  stein- 
less  steel  precision  ground  shafts  are  used  exclusively.  Cannon 
connectors,  mounted  on  the  base  of  the  housing,  support  the 
sensors  as  well  as  providing  for  electric.-.l  connection.  Thus,  after 
initial  installation,  sensors  can  he  removed  for  routine  mainten- 
ance by  simply  uncoupling  the  Cannon  connector.  Brass  housings 
are  available  as  an  option  for  use  in  extremely  corrosive  marine 
environments. 

Basic  components  of  the  Y/1034  Low  Threshold  Wind  Sys- 
tem are: 

a.  Model  V/103  Lightweight  Cup  Anemometer,  with  high 
frequency  frictionless  tachometer  or  DC  generator. 

b.  Model  Y/iQ4  Lightweight  Vane,  with  single  or  dual  wipers. 

c.  Model  WT1034/36Q-(x)  cr  V7Tl034/54Q-(x)  Translators. 

d.  Model  W101-DGO.  Two  Pen,  Dual  Channel  Galvano 
rnetric  Strip  Chart  Recorder  (DC  only)  or  Model,  REV/ 
2P-12V/12V,  two  pen,  potentiometric  strip  chart  recorder 
for  AC  operation.     . 

Descriptions  and  specifications  for  the  various  options  of 
each  of  the  basic  components  of  the  system  are  given  below. 
Model  W103  Cup  Anemometer 

Options  available  with  the  Mode!  V/103  Cup  Anemometer  in- 
clude 5  different  cup  assemblies  and  2  types  of  speed  transdu- 
cers. Cup  assemblies  can  be  3  cup  or  staggered  G  cup.  Three-cup 
assemblies  are  supplied  as  Standard  and  are  best  suited  for  most 
applications.  Six-cup  assemblies  eliminate  pulsing  at  low  wind 
velocities.  Material  used  in  the  construction  of  the  cups  includes 
lightweight  metallized  butyrate,  standard  weight  polycar- 
bonate, plastic  or  stainless  steel.  Transducers  avail  able  are  a  fric- 
tionless high  frequency  tachometer  providing  a  pulsed  square 
wave  output  signal  or,  where  maximum  sensitivity  is  not  re- 
quired, a  low  torque  DC  generator. 
a.    Cup  Assemblies  —  3  Cup  Type 

1)  "3L"  Cup  Assembly,  Lightweight  -  For  low  threshold  ap- 
plications. Cups  are  formed  fruni  0.010"  thick  mctalized 
butyrate  suspended  on  a  tubular  stainless  steel  frame.  The 
cups  are  conical  shaped  with  a  2"  diameter.  Turning  radius  of 
the  assembly  is  2V»".  Wieght  cf  an  individual  cup,  including 
supporting  frame,  is  5  grains.  Weight  of  the  complete  assem- 
bly, including  the  central  hub,  is  18  grams. 

2)  "3S"  Cup  Assembly,  Standard  Wi^jht  —  For  general  pur\ 
pose  application.  Molded  of  durable  lexan  plastic,  0.030" 
thick.  Cup  diameters  arc  3"  and  assembly  turning  radius  is 
3Vi".  Complete  cup  assembly  weight,  including  central  hub,  is 
42  gram*. 
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are  made  of  u.u/b     truck  stainless  steel    I  nrmiu-i adius  of  lb 
assembly  is  IV." .  Weight  of  tne^ftsvmmy? inclrjding  c?nn.0 
huh,  is  03  grams. 

b.  Cup  Assemblies  -  G  Cup  Type  {U.S.  Pat  No.  3,5H,fcjj). 
Eliminate  pulsing  and  reduce  errors  due  to  non-horizont  ■ 
wind  flow. 

1)  "CL"  Cup  Assembly  —  Staggered  G-cup  assembly  con 
structc-d  of  same  material  as  "3L"  cups.  Weight  cf  assembl, 
is  37  grams. 

2)  "6f>S"  Cup  Assembly  —  Staggered  G  cup  assembly  con 
structe J  of  stainless  steel  arid  similar  to  "3SS"  assemblies 
Weight  of  "CS5"  cups  is  123  grams. 

c.  Sp^e:!  Transducers 

1)  High  Frequency  Tachometer  —  For  low  threshold  applica 
tieins,  a  unique  frictionless  tachometer  employing  a  high  fre- 
quency oscillator  and  receiver  is  used  to  precisely  measure 
wind  speed.  The  oscillator,  transmitter  and  receiver  are  en 
capsulated   in  a  small   cube  of  epoxy  for  total  protection 
against   the   environment.  The  transmitter  and   receiver  a: 
separated  by  a   1/3  inch  space  in  which  a  thin  notched  dis. 
of  aluminum,  attached  to  the  sensor  shaft,  is  free  to  rotate 
As  each  notch  in  the  disc  [Kisses  between  the  transmitter  and 
receiver,  a  —12  vol;  square  wave  pulse  is  produced.  Discs  ar,. 
notched  to  provide  fourteen  output  pulses  per  revolution.  An 
inpnt  of  12  volts  DC,  10  inA  is  required  to  power  the  tacho 
meter  circuitry. The  output  pulse  train  is  fed  into  a  frequency 
to  analog  converter  in  the  wind  system  translator  to  permit 
data  recording  or  telemetry.  The  operating  temperature  range 
of  the  high  frequency  tachometer  is  -30°  to  +  14G*F. 

The  high  frequency  tachometer  embodies  several  distinct 
advantages  ever  the  commonly  used  light  chopper  syst'  s 
There  are  no  light  bulbs  or  photocells  to  burn  out;  p  i 
consumption  is  low;  and  the  system  is  insensitive  to  moisture 
condensation  or  dust  deposition.  The  solid  state  tachometer 
is  essentially  free  from  maintenance  with  a  life  of  well  over 
five  years  when  operated  continuously. 

2)  DC  Generator  —  Long  life  DC  generators  can  be  supplied 
where  starting  torque  is  not  critical.  Generators  have  a  life  of 
three  to  four  years  and  have  an  approximate  output  of  500 
rnV  at  50  MPH. 

SPECIFICATIONS 

W103  Cup  Anemometer 

.     Size  ...._ _ _ _ lG'i"h  x  7"d  overall 

•     Cup  Assemblies 


Type 
"3L"  Lightweight 
"3S"  Standard  Weight 
"3SS"  Stainless  Steel 
"GL"  Lightweight,  G-cup 
"CSS"  Stainless,  G-cup 

•     Transducers 


Cup 
Diameter 

2" 
3" 
2" 
2" 

2"     • 


Turning 
Radius 

ZV," 
4" 

zvr 

3V/' 


Welsh  t 

{grams) 

18 
42 
G3 
37 
123 


Frictionless    High    Frequency   Tachometer    —    12    VDC, 
10   mA  input.  -12  VDC  square  wave  cutput;14 
pulses,'RPM  standard 
DC  Generator  -  Approx.  500  mVDC  at  SO  MPH 

Accuracy t1%  or  0.15  MPH.  whichever  is  greater 

Construction Anodized  aluminum  and  stainless  steel 

Bearings Sealed  and  shielded  precision  stainless  steel 

Response  Characteristics 

High  Frequency  T/ireshold  Distance  Consu 

Tachometer  ,  (MPH)  (Ft.) 

Transducer  3-Cup         G-Cup         3-Cup         G-Cup 

Model  "L"  Cups 

Model  "S"  Cups 

Model  "SS"  Cups 


DC  Generator 
Transducer 

MmH'T'Cups 


0.5 

08 
09 

3-Cup 

1  0 


0.6 

r.7A 

0.9 

C  Cup 

i  n 


5 
7.4 

14.3 


73 

N/A 
21.1 


!Cup         G-Cup 


"'r^^ 


.  ?  r - . v.  ; 


!■'■'■  - 


Model  W104  Light  Weight  Vane 

The  Model  W104  Lightweight  Vane  fcsTui es  a  special  low 
density,  high  structural  strength  foam  plastic  tail  coated  with  a 
high  density  epoxy  and  bonded  to  3  stainless  steel  rod.  Weight 
of  the  entire  tail  assembly,  including  rod,  is  35  grams.  A  skin- 
less stcM  counterbalance,  Incited  close  to  ih?  center  of  rota- 
tion, permits  maximum  response  to  wind  fluctuations  with 
minimum  overshoot.  The  tail  has  an  airfoil  shape.  Tail  dimen- 
sions are  approximately  4"  wide  x  12"  high  x  V"  thick  at  the 
center  and  1/3"  thick  at  the  tip.  The  center  of  the  tail  is 
normally  located  12  inches  from  the  axis  of  rotation. 

The  vane  rotates  on  a  stainless  steel  shaft  mounted  in  min- 
iature stainless  steel  precision  bearings. 

10G0  ohm  low  torque  potentiometers,  supplied  with  one 
wiper  for  0  to  360"  applications  and  with  tv. o  wipers  for  0  to 
5*0"  systems,  are  standard.  Other  resistances  are  available  on 
special  order. 

V/104  Light  Weight  Vane 

•  Response  Characteristics: 

Wire  Dead  Band        Damping               Oistance 

Wound  Pet  (Degrees)           Ratio             Constant  (ft) 

1  wiper  3                    0.4                      -3.5  ~ 

2  wipers  __0 GL4 -3.5 

•  Threshold 0.75  mph 

•  Potentiometer  Linearity 0.5%  std.,  0.25%  special 

•  Resclution 0.72  degree 

•  Material  .  .  / Toil-plastic;  housing-aluminum; 

shaft,  beatings  S  counter  balance 
-stairless  steel 

•  Size ' Overa!!-21'//Ti  x  21"!  Tail  — 

4"W  x  12"H  xY."  Thick  at  cen- 
ter Zx  1/8"  at  tip;  airfoil 

•  Weight Tail  and  supporting  arm,  35  gms. 

Complete  assembly,  1.6  lbs. 

Translators 

Stabilized  povser  to  operate  the  wind  sensors;  signal  condi- 
tioning and  ranging  of  the  sensor  outputs;  and  impedance  match- 
ing to  recording  systems  are  provided  by  the  Model  WT1034 
Translator.  Ttanslaloisare  available  with  either  0  to  350'  or  0  to 
540"  output  range  for  wind  direction.  Ranges  to  0  to  50  mph 
and  0  to  100  mph  are  normally  provided  for  wind  speed.  Other 
ranges  can  be  obtained  on  special  order.  Automatic  range  switch- 
ing, with  an  event  pen  to  indicate  the  range,  is  also  available  as 
an  option. 

All  circuitry  is  solid  state,  employing  the  latest  in  integrated 
circuitry  design.  Linearity  is  *  0.1%.  The  units  may  be  opeta- 
ted  bom  either  12  VDC  or  115  VAC,  50/60  Hz. 

When  purchased  as  a  complete  wind  system,  translators  are 
built  into  the  recorders.  II  sensors  arc  to  be  used  separately  or 
with  data  logging  or  telemetry  systems,  separate  enclosures  for 
'he  translators  are  provided. 
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Specifications 


The  accuracies  stated  arc  "worst  case"  and  represent  the 
conditions  where  all  components  cf  the  system  ere  subjected 
to  the  full  temperature  range  of  — iO'C  to  -I .'  O'C.  Where  the 
electronics  porlion  of  the  system  is  in  a  less  adverse 
temperature  environment,  improvements  in  accuracy  up  to 
50%  can  be  realized. 


Wind  Sensor  1074 


Wind  Speed 

Starting  Threshold 

Light  Chopper  and  Switch  Closure 0.75   mph 

Generator 1.5  mph 

Response  Distance 13  ft.  (G3%  Recovery) 

Flow   Coefficient 7.9  ft. /Rev. 

Accuracy 

Light  Chopper  and  Switch  Closure     .      .      ±0.4   mph   cr  1%    (whichever  is  greater) 
Generator ±0.5   mph   or  1%   (whichever  is  greater) 

Range 

Light   Chopper 0-20,  0-50  or  0-100   mph 

Generator 0-100   mph 

Switch  Closure ...     (or  each  1/10  Wile 

Output 

Light  Chopper  and  Generator         Voltage 0  to  -f- 5  VDC 

Impedance      .......      <100    ohms 

Operating  Temperature — 40°C  to  -f50°C 

Wind  Direction    • 

Starting   Threshold 0.75   mph 

Delay  Distance 4  ft.  (50%  Recovery) 

Damping  Ratio 0.5  to  0.6 

Accuracy 

360' ±1% 

540* ±1% 

Range 0*  to  300°  or  0°  to  540" 

Output 

Voltage ....     0  to  +5  VDC 

Impedance <100    ohms 

Instrument  Dimensions 

Weight 4.3  kg  &  4.8  kg  [5Vz)  £.  (10V2    lb.) 

Height 53.3  cm  (21    in.) 

Diameter 17.0  cm  (7  in.) 

Length 85  cm  (33.5  in.) 

Mounting 2.5  cm  (1")  Standard  Pipe 
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T521  REMOTE  TEMPERATURE  INDICATOR 
(With  Recorder  Output) 

DESCRIPTION 

The  TG21  Remote  Temperature  Indicator  provides  a  visual 
indication  of  temperature  as  well  as  an  output  signal  for 
recording  cf  temperature  on  a  data  logger  or  strip  chart 
recorder.  A  precision  linear  thermister  is  used  as  the  tem- 
perature sensor.  Temperature  is  displayed  en  a  AYi"  panel 
meter  with  an  accuracy  of  ±1"F.  The  recording  output 
signal  is  within  ±0.3'F.  The  TG21  has  two  ranges,  -^O'F 
to  -tGO'F  and  30'F  to  HOT.  Operation  is  from  115  V  AC 
or  battery  power.  Up  to  three  temperature  probes  can  ba 
cor.fircisd  to  the  T621. 

Thermister  accuracy,  linearity,  and  interchangeability  is 
^0.27'F  over  the  temperature  range  from  -22'F  to  212'F. 
For  special  applications  linearities  as  low  as  ±0.05b'C  can  be 
provided.  The  thermistor  is  sealed  with  epoxy  cement  in  a 
stainless  steel  tube  or  can  be  allowed  to  remain  exposed  to 
air  if  rapid  response  time  is  required. 

The  solid  state  electronics  make  use  of  operational  am- 
plifiers to  .sense  changes  in  thermistor  resistance  with  tem- 
perature. The  resulting  signal  is  amplified  and  ranged  to 
operate  the  panel  meter  and  to  provide  an  output  signal 
Suitable  for  recording  on  cither  a  (jalvanomctric  or  potentio- 
mctric  recorder  or  a  dat.i  logger.  The  output  signal  can  be 
adjusted  to  any  full  scale  span  in  the  range  from  0  to  1 
V  DC  orOto  10  ma. 

Temperature  sensor  and  temperature  range  selection  is 
by  means  of  front  panel  mounted  switches. 

For  operation  on  battery  power,  a  12V  DC  batten/  is 
required. 

For  maximum  reliability  the  probe  and  cable  should  be 
fectory  connected  and  sealed. 


APPLICATION 

Remote  sensing  and/or  recording  of  soil,  air,  and  water 
temperature  for  nieteo/otoj'.iral,  hydrologies!,  or  industrial 
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1SX  REMOTE         Revision  No.  2 
ATOR  Date:    6  Tunc  1978 

SPECIFICATIONS  Pase  u  of  20 

-     Temperature  Ranges  (Std.) -AQ'f  to  ♦GO"*"  >n.>  0 

+30T  to  130'F;or-30"C  to +20T  and         l 
(Custom  hoards;  any  100'r  range  between  -2/ 

and  212'F.) 

•  Accuracy 

Panel  Meter ±)'F 

Recorder  Signal  Output     -0.3'f 

•  Temperature  Sensor Linear  thermistor,  ±0. lb't 

linearity,  std;  ±O.G55"C 
optional. 

•  Sensor  Housing Stainless  stetrl  sheath  c: 

exposed  be.v' 

•  Fever 11  5  V  AC,  50/50  Hz  or  +12  DC;  10  m 

•  Size 12'V/  x  G'//'H  x  $K'\ 

•  Output  tu  Recorder 0  1V  DC  or  0-10  mA  standard 

others  on  request 

•  Weight/Shipping  (less  cable) 4  lbs/10  lbs 


ORDERING  SPECIFICATIONS 

•  TG21  Remote    Temperature    Indicator,   complete 

with  one  standard  temperature  prob?  in 
stainless  steel  tube  (specify  sealed  or  ex 
posed  bead.)  With  recorder  output  signal 
115  VAC.  50/GO  Hz.  Specify 'F  or  X. 

•  T621DC  Remote    Temperature    Indicator,    s  as 

above  except  operates  en  12V  DC  or   \V.J 
VAC.  50/60  Hz. 

•  T621-ED 105-1     Ambient    Temperature    Circuit    Board    fi  . 

custom  systems,  including  calibration  i 
sistors  for  0  and  full  scale  calibrate 
points,  mating  22  pin  connector,  premii 
range  resisturs. 

•  T621-T18  Air      Temperature     Standard     Thermisi 

Probe,  V*"  o.d.  x  3"  L  stainless  sic. 
jacket,       interchangeability     ±JJ.15'C,     les 

cable. 

•  TG21-T018  Same     as    above    except    with    perforate \ 

stainless  steel  jacket. 

•  TG21-TP18X        Air     Temperature      Premium      ThermistOi 

Probe,  V*"  o.d.  x  3"  L,  stainless  ste. 
Jacket,  interchangeability  ±O.055'C. 

•  TG21-TPU18X      Same     as    above    except    with    perforata 

stainless  steel  jacket. 

•  TG21-TW13  Water     Temperature,    standard    therrniste 

probe,  Vi"  o.d.  x  3"  L,  stainless  ste. 
jacket,  interchangeability  -0.1 5"C. 

•  TG21-TWP18X    Water    Temperature,    premium    thermistu. 

probe,  '!■"  oJ.  x  3"  L,  stainless  ste 
jacket,  interchangeability  -0.055'C. 

•  TE21-C  3    conductor    cable    to    connect    air    tec 

perature  probe  to  indicating  console 

•  T621  CW  3    conductor    neoprene    jacketed    caoie   t. 

connect    water    temperature    probe    to   hd 
dicating  console. 
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SPECIFICATIONS 

METEOROLOGY  RESEARCH  8'fO  TEMPERATURE  SENSORS 


Temperature   £<   Relative   Humidity  Sensor/840-1,  2,  3,  7,  a  642-1,2,3 


Sensor  Housing:  ('.'odd  840. 542  Aspirator) 

Effect  ot  Radiation 

Air  Flow 
Blower 

Air  Flow  Indicator 
Sensing  Elemcot: 
Temperature  Sensing  Elements: 

Accuracy 

Output 

Range 

Humidity  Sensing  Element: 

Accuracy 
Range 


Physical   Characteristics 
Overall  Length 

Glass  Shields 

Mounting 
Blower  Housing 
Shipping  Weights 

Power     Requirements 
Blower 


<0.05"C  under  maximum  solar  radiation 

conditions 
5  ft/sec  (or   RH 
Continuous  duty 
Micro  switch    (optional) 


15  (l/sec  for   Temp 


P/N  ES  15966  Frobc      P/N  ES  16195  Probe 


±  0.15°  C 
15963  ?!  to  5635.5  J! 
•30"  C  to    I  50'  C 


±  0.10J  C 
20158'.!  to  72^2  n 
-50-  C  to    |  50'  C 


P/N  ES  17350  Transducer 

"3.0%  R.H. 

0%  to  100%  Relative  Humidity 


Model  640 


Model  642 


105.4  cm  (41.9in)  119.4  cm  (47  in) 

5.6  cm  (2.13  in)  CD  x  3.2  cm  (1.25  in) 

ID  x  19.0  cm  (3.5  in)  long 
Model  544    Mounting   Bracket 
16.5  cm  (6.5  in)  diameter 
Model  840  Model  842 


5.9  kg  (13  lb) 


6.8  kg  (15  lb) 


115  V/50-60  Hz  7  watts  nominal 


Environmental    Capabilities, 

Temperature 

Humidity 

Wind  Speeds 

Altitude 

Sand  and  Oust 

Salt  Atmosphere 


Operational 

— 50' C  to   '  50'C 

0%  to  100%  RH  including  precipitation 

To  100  mph 

To  20.000  leet 

As  normally  encountered  in  desert  areas 

As  normally  encountered  in  coastal  area: 


PROPELLER  SPECIFICATIONS 


MAXIMUM    RESPONSE    POLYSTYRENE'    PROPELLERS 
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COMPANY 


7/e* 


CATALOG  NO: 
PRICE: 


BLADES : 

DIAMETER: 

RANGE  (HEAD-ON) : 

RANGE  (ALL  ANGLES) 

THRESHOLD: 

DISTANCE  CONSTANT: 


21180/27105 
$24.00 


4 

9  IN. 

7  0  MPH 

5  0  MPH 

0.2-0.4  MPH 

3.1  FT. 


21182/27106 
$17.00 


21183/27107 
$19.00 


2 

9  IN. 

9  0  MPH 

7  5  MPH 

0.3-0.5  MPH 

2.4  FT. 


1H    IN. 

10  0  MPH 

9  0  MPH 

0.4-0.6  MPH 

2.8  FT . 


21184/2710E 
$26.00 


4 
lh   in. 

9  0  MPH 
7  0  MPH 
0.3-0.5  MPH 
2.7  FT . 


These  propellers  are  molded  of  expanded  polystyrene  beads.   The  helicoid 
form  has  a  pitch  of  360°  in  1.04  ft  (or  0.96  rev  per  ft).   Four  blade 
propellers  are  made  from  two  blade  moldings  dovetailed  together  at  the 
hub.   Epoxy  fillets  are  added  to  the  hub  area  for  increased  strength  and 
propellers  are  then  sprayed  and  balanced  with  special  formulation  acryli 
paint.   Propellers  7-i"  in  dia.  are  fabricated  from  9"  dia.  moldings  with 
slightly  larger  epoxy  fillets  added  in  the  hub  area. 

our  blade  propellers  provide  slightly  better  symmetry  of  response  to 
various  wind  angles  especially  near  the?  stall  region  (90°  wind  angle) . 

Threshold  is  measured  with  propeller  mounted  on  3/16"  dia, shaft  sup- 
ported on  precision  instrument  grade  ball  bearings  with  light  chopper 
type  transducer.   Miniature  tachometer  generator  increase-;  threshold 
0.1-0.7  MPH  for  H"  dia.  rind  n.  2-0.3  r-"'H  for  7V  di  a.  nrmvll  ers . 
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Model  300 A  Specifications 
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Transmitter:  Frequency    —    1600  Hz 

Pulse  Width    -   50,  100,  200  rns 

Output  Power    —  '25  Watts  standard 
100  Watts  optional 


• 


Output  Impedance    -   8  Ohms 

Pulse  Repetition  Rate    —    I  per  9  sec.    (500  m  scale) 

-    I  per  18  sec.    (1000  m  scale) 


Receiver:  Gain    -    10 


Gain  Compensation    —   proportional  to  time  of 
echo  return. 

Bandwidth   -   20,  40,  80  Hz 

Range    -    500  m,   1000  m  full  scale 
—    20  m  minimum 

Resolution   —   20  m 


\  THI  Display:  Writing  Technique    -   electrical  engraving  of 

conductive  paper. 

Chart  Size   -   6"   (15.2  cm)  wide  by  72'    (22  m)  long 

Chart  Speed   —    1 .2"  (3.05  cm)  per  hour 

Chart  Duration    —   28  da/s 


Size  and  Weight:  17"  W  x  17"  H  x  6"  D,  45  lbs. 


Power  Input:  I  15V,  60  Hz,  50W  average,  250W  peak 


Model  300A  Options 

Option  001    —    I00W  Transmit  Power  -  improves  signal 
to-noise  by  6  db. 

Option  002  -  Allows  use  of  220-240V  power 

Option  003  —  Allows  use  of  50  Hz  power 

Option  004  -  Full-scale  range  of  250  m  or  500  m 

Option  005  -  Full-scale  range  of  750  m  or  1500  m 
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H324  SKYLINE  HYGROGRAPH 


DESCRIPTIOH 

Features  tha  new  WeatherMeasure  Skyline  series 
instrument  case  design.  Advantages  include  wrap  around 
front  window  for  easy  record  observation,  modern  styling, 
ready  access  to  all  moving  parts  through  the  hinged  door 
which  lifts  up  and  back,  and  the  use  of  corrosion  resistant 
materials  such  as  corrosion  resistant  duraluminum  alloy, 
brass  and  stainless  steel  for  all  parts. 

Humidity  is  measured  over  the  range  of  0-  100%  using 
time-tested  human  hair  as  the  sensing  element.  Expansion 
and  contraction  of  the  dual  hair  bundles  are.  magnified  by  a 
unique  lever  system.  One  hair  bundle  moves  a  lever  ful- 
crumed  at  the  center  and  connected  to  a  second  hair  bundle. 
The  second  bundle  of  hair  is  looped  through  a  lever  which 
moves  the  pen  arm.  Non-linearity  in  the  expansion  and  con- 
traction of  the  hair  due  to  changes  in  humidity  are  corrected 
by  use  of  two  opposed  quadrants  in  the  linkage  system. 

Calibration  adjustments  are  easily  accomplished  by  ro- 
tating the  hex  nut  controlling  the  tension  on  th3  hair 
bundles.  The  key  used  to  wind  the  clock  is  also  used  for 
"alteration  adjustments.  Openings  in  the  sides  and  base  of 
ifie  instrument  permit  free  movement  of  ambient  air  to  the 
hair  bundles. 


•J 


Li, 


An  8  day  spring  wound  clock  is  mounted  on  the  sturdj 
cast  aluminum  instrument  base.  Change  gears  are  provide. 
to  rotate  the  clock  drum  at  1-day  or  7-day  intervals.  T'h 
drum  revolves  in  25  hours  when  the  1-day  rear  is  used,  an 
in  172  hours  when  the  7-day  gear  is  used  Thus,  the  reca;.. 
ing  chart  can  be  changed  each  day  or  ea:h  v.eek  cefore  t:. 
pens  have  reached  the  chart  clip. 

All  internal  moving  parts  are  chrome-plated  brass  c 
stainless  steel.  Corrosion  resistant  parts  are  used  througl 
out.  Case  sides  arc  indented  at  the  top  to  serve  as  han 
grips  for  moving.  An  ink  bottle  well  is  provided  on  the  bay. 
of  the  instrument.  An  external  pen  lifter  which  can  be  opei 
ated  from  outside  the  case  prevents  inadvertent  pen  movi 
ment  when  the  case  is  opened.  A  storage  tab  is  provide 
for  the  calibration  and  clock  winding  key. 

APPLICATION 

Can  be  used  indoors,  or  outdoors  when  installed  in  a., 
instrument    shelter.    Provides    a    1-day   or    7-day   tr?"p   i. 
relative  humidity   The  attractive  styling  and  modern        ig. 
will  enhance  an  instrument  display. 

SPECIFICATION 

•  Range  0-100%  RH 

•  Sensor  Two  hurn3n  hair  bundle- 

•  Accuracy ±  1%  between  20  and  80° 

approximately  3%  at  extreme-. 

•  Sensitivity    Less  than  1°. 

•  Chart  Scale  Divisions  lc/ 

•  Chart  Size  11>/2"I  x  3V4"li 

•  Chart  Drive  8  day  spring  wounu 

•  Drum  Rotation 1-day  and  7-du 

(26hr.&  172  hi 
by  change  gear  provide. 

•  Weight/Shipping  9  lbs/14  lb; 

ORDERING  SPECIFICATION 

•  H324  Skyline      Hygrorjraph    complete    with    pen 

ink  and  1U0  charts. 

•  H324-HB         Replacement  hair  bundle,  set  of  2. 

CHARTS 

•  C324-W  0  to  100%  -  7-day  drum  rotation. 

•  C324  D   0  to  100% -1-day  drum  rotation. 

'   All  Prices  F.O.B.  Sacramento 

THIS  INSTRUMENT  IS  AVAILABLE  FOR  LEASE -- 
prices  available  on  request. 
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DESCRIPTION 

he  Model  B242  Analog  Output  Earometer  pro.idc-s  an  out- 

--•••  voltage  that  is  lin»ar!y  proportional  to  presrjre.  The  analog 

:t  can  be  used  (cr  recording  barometric  pressure  on  digital 

data  lowers,   strip  chart  recorders,  end  for  telemetry  links,  cr 

other  systems  r=  ^uirinj  an  analog  incut  signal  of  pressure. 

The  Model  B242  contains  a  multiccll  anere'd  sensor  which 
petitions  the  enre  of  0  linear  variable  differential  transformer 
(LVDT).  The  output  voitage  of  the  LVDT,  v/-,ic!i  is  linear  with 
core  position  (hence  with  pressure),  is  amplified  to  the  level 
desired.  All  mechanical  and  electrical  components  ere  designed ' 
to  achieve  linearity  and  alow  temperatur,:  coefficient,  Theanc-. 
roid  cells  arc  of  NiSPAN-C  and  have  a  thermal  expansion  co- 
efficient of  essentially  zero. 

The  gain  and  zero  point  of  the  amplifier  may  be  adjusted  to 
produce  an  output  varying  from  0  to  1  VDC  over  any  100  m.b 
interval  between  600  end  1055  mb.  The  gain  is  normally  set  at 
the  factor/  and  the  zero  point  set  in  the  Held  to  correspond  to 
the  elevation  of  the  installation. 

The  sensor  housing  is  airtight  and  provided  with  a  pressure 
fining  so  that  atmospheric  pressure  r.i  remote  locations  cr  any 
other  pressure  in  the  range  of  6U0  to  1C05  mb  (17.7  to  31.45" 
Hq)  may  be  measured 

It  is  also  available  with  other  output  voltages  or  for  luwer 
pressure  levels  zi  options. 

APPLICATION 

The  principal  use  of  the  Modi!  E242  Analog  Output  Baro- 
•     "er  is  as  the  barometric  pressure  sensor  for  datalogger;,  stiip 
.rt  recorders,   telemetry   and  remote  indicator  systems.  It  is 
able  for  use  at  elevations  to  12,000  ft. 


l  • 
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SPECIFIC  AW  US 

Range Any  100  mb  interval 

from  GOO  to  1055  mh  (standard) 

Output 0-1  VDC  (standard) 

Resolution , Infinite 

Linearity    +0.5  mh,  over  100  mb  intervals  (0-40°C) 

±1.0  mb,  over  100  mb  interval  (-20~C  to+40°C) 

Ambient  Temperature   —20  to<0°C 

Power 115V,  50/60  H 7,  cr  12  VDC 

Size,  Sensor  Housing    9"h  x  5V4"w  x  5'V'd 

Size,  Elpctronics  Housing 6"h  x  W/*"viX  6"V'd 

Weight,  Total 9  lbs. 

Shipping  Weight 18  lbs, 

ORDERING  SPEC  IF  (CAT  10  IIS 

B242  Analog  Output  Barometer,  including  sensor  in 

housing,  power  supply  and  signal  conditioning 
electronics  in  separate  cabinet. 

B242-S  Analog  Output  Barometer,  less  powe.r  supply 

and  signal  conditioning. 

ED242-11S     Power  Supply   and  signal   conditioning  circuit 
card. 

B242  C  Cable,    4     conductor,    to    connect    sensor    to 

electronics.  All  Prices  F.O.B.  Sacramento 


All  Prices  F.O.B.  Sacramento 


,  Weather/Measure  corporation 

■i  T  A  \  /p  ~>r  \  A  Subsidiary  of  Systran-Conner  Corp. 


P.O.   PCX  41257       -       SAC  RAVEN  TO.  CAUFOPNIA    95C11 
TELCPHORf-   (9K,)  «E1-75C5 
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No.  646 
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No.    646C(1) 
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No.   646C(2) 


EPPLEY  PRECISION  SPECTRAL  PYRANOMETER.  De- 
signed for  the  rneasui  ement  of  sun  and  sky,  totally  or  in  defined  wave- 
length bands,  this  instrument  is  an  impioved  and  smaller  model  of 
a  device  introduced  in  1937.  The  sensing  element,  designed  to  with- 
stand mechanical  vibration  and  shock,  is  a  wire-wound  thermopile, 
mounted  in  a  chromed  brass  case.  Parsons'  black  lacquer,  non-selective 
to  different  wavelengths,  covers  the  receiver  surface  and  overall  are 
a  pair  of  concentric  hemispheres  of  Schott  glass,  removable  and  replace- 
able. The  inner  glass  is  clear  \\'C7,  transparent  to  wavelengths  approx. 
2S5/2,S00nm.  For  the  outer  glass  there  is  a  choice:  \\"G7,  as  above, 
~of"ahy  of  the  following,  with  the  centers  of  lower  sharp  cutoff  approx- 
imated as  noted:  yellow  GG14,  500nm;  oranrre  OG1.  530nm;  red  RG2, 
630mn;  dark  red  RG8,  700nm. 


A  white  enameled  guard  disc  fits  nl>ovc  a  cast  bronre  stand  with 
adjustable  leveling  screws  and  a  bubble  type  level— a  desiccator  that_ 
can  be  inspected  is  also  supplied.  Instrument  characteristics  includr 
Sensitivity,  5mV  per  cal. /cm-min.;  Impedance,  300  ohms;  Temperature 
Compensation,  ±l7c  from  —  20/+'I(PC;  n.csponse,  linear  up  to  inten- 
sities of  4  cal. /cm-min.;  Response  Time,  for  667c  change,  1  sec: 
Mechanical  Vibration,  up  to  20  g's. 

Calibration  reference  is  Eppley  primary  standard  group  of  Angstrom 
pyhcliometcrs  reproducing  Internationa]  I'yrheliomctric  Scale.  \\"t.  5/ 
shpg.    13  lbs. 

Accessories: 

A.  Outer  c'aS5   Schott  filters,  specifv   VVG7,   GGl-t, 

OG1,  RG2,  or   KG8.    Includes   mount. 

B.  Potentiometric    recorders,   see    Nos.    6-13-1,   Gil 

C.  Shadow  bands   with   correction    data   for   use    with    No.    64G    or   G-55-45, 
(1)   for  latitude  0/G0'    Nr   or   S    (2)    for  latitude   GO/05'    X   or   S. 


APPENDIX  B 

Excerpt  from  AeroVironment's 
Data  Reduction  Manual 
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176.10  Standard  Data  Procedures  for  Cb  Shale  Oil  Project 


The  following  is  the  standard  monthly  flow  of  data  arriving  from  Cb: 
(Cassette  Data  Reduction)  (September  1977-January  197S) 

1.  The  data  arrives  from  the  field  and  is  logged  in  by  a  data  clerk. 

2.  Cassette  tapes  are  sent  to  Computer  Operations. 

3.  Computer  Operations  converts  the  cassettes  to  paper  tapes  on 
the  in-house  Data  General  cassette  computer  system. 

4.  The  paper  tapes  are  loaded  onto  the  AQDMS  data  base  and  5- 
minute  averages  are  automatically  stored  on  a  9-track  magnetic 
tape.    Hourly  averages  are  stored  on  the  data  base. 

5.  Printouts  of  the  data  hourly  averages  are  made  which  are  spot 
checked  against  the  30  minute  averages  on  the  Texas  Instruments 
Silent  700  printout  which  arrives  from  the  field. 

6.  The  station  logs  are  scanned  by  a  data  technician  to  look  for 
power  outages,  instrument  malfunctions,  and  the  like. 

7.  Corrections  determined  in  steps  5  and  6  above  have  been  made  to 
the  hourly  averaged  data. 

8.  Quality  Assurance  personnel  verify  the  data. 

9.  Monthly  calibrations  are  applied  to  the  data. 

10.  Quality  Assurance  personnel  verify  the  data. 

11.  Monthly  reports  are  produced  from  the  data,  along  with  a  data 
tape  of  hourly  averages. 
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(9-Track  Magnetic. Tape  Reduction)  (Scheduled  to  start  in  May  197S) 

When  the  9-track  drives  are  installed  these  changes  will  be  made  to 
the  above: 

2.  Magnetic  tapes  are  sent  to  Computer  Operations. 

3.  eliminated 

k.  The  magnetic  tapes  are  converted  into  hourly  averages  as  they 
are  loaded  onto  the  AQDMS  data  base.  The  field  tape  is  sent  to 
the  sponsor. 

(Multipoint  Reduction)  (started  in  January  197S) 

When    the    multipoints    are    installed   and   the   cassette   system   is   not 
recording  data,  these  changes  will  be  made  to  the  above  procedure: 

2.  eliminated 

3.  The  multipointed  are  reduced  to  hourly  averages  by  hand  and 
entered  onto  paper  tape. 

k.  The  paper  tapes  are  loaded  onto  the  AQDMS  data  base  and  stored 
as  hourly  averages. 

5.        Printouts  of  the  data  hourly  averages  are  made. 

176.11  Specific  Techniques 

These    are    specific    techniques    which    are    used    to    produce    various 
reports: 
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176.11.1  Wind  Direction  Averages 

Wind  direction  is  averaged  by  the  computer  by  using  standard  vector 
addition  except  that  wind  speed  is  assumed  to  be  one  (unit  vector  addition). 
The  wind  direction  hourly  averages  are  computed  from  five-minute  averages 
(as  are  the  other  components). 

176.11.2  Missing  Data  Codes 

Missing  data  is  replaced  with  a  letter  code  describing  why  the  data  is 
missing.    The  letter  codes  are: 

CA      Calibration  (calibration,  system  check) 

MT      Maintenance  (changing  paper,  tape,  charcoal) 

FO      Flame    out    {on    the    GC-THC,HC,    CH   ,    CO,    SC>2,    H2S,    Total 

Sulfur) 
IM       Instrument  malfunction  (instrument  failures) 
PF      Fewer  failure  (generator  failure) 
RF      Recording  sytcm  failure  (chart  jams,  runs  out) 
LI        Local  interference  (car  nearby) 
OE      Operator  error  (field  tech  leaves  switch  in  wrong  position,  out  of 

AV's  control) 
OS      Off  scale  (at  top  of  chart) 
IN       Interference  (CO~  interference  on  sulfur  data,  S02  interference 

in  oxidant  readings). 
SE       Special  experiment  (instrument  removed  for  tracer  study,  etc.) 
OR      Out     for     repair     (instrument     removed     from     site     with     no 

replacement) 
VA      Variable  wind  direction 

CM     Calm  (no  wind  direction  when  wind  speed  =  0). 
UN      Unlimited  ceiling  (reported  to  NWS  Stations) 

Blank  (causes  a  blank  to  be  printed  as  in  the  beginning  of  a  new 

month  before  a  component  starts). 
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176.12  Report  Listing 


The  following  is  a  listing  of  the  monthly  data  reports'  contents  (from 
the  AV  Statement  of  Work).  Some  of  the  reports  are  combined  on  a  single 
page. 


( 
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MONTHLY  REPORT  CONTENTS 

A:        Air  Quality  and  Meteorological  Data 

1.  Hourly  tables  by  parameter  by  site 

2.  Downtime  hours  by  parameter  by  site 

3.  Monthly  96  efficiency  by  parameter  by  site 

b.        Hourly  tables  of  stability  class  determined  by  /\T 

5.  Five  maximum  independent  sliding  averages  (1,  3,  8,  24  hours,  as 
appropriate)  with  corresponding  WS/WD  for  those  parameters 
with  a  NAAQS  air  quality  standard  (O,  -  1  hour/  CO  -  1  hour  and 
8-hour;  SO?  -  3-hour,  24-hour;  particulates  -  24-hour;  He  (CH. 
reduced)  -  3  hours  (6-9  a.m.)  ). 

6.  Monthly  and  daily  averages 

7.  Descriptive  regional  meteorological  summary 

B:        Acoustic   radar   hourly   mixing   height,   inversion   height,  and   stability 
type. 

C:       System  description  -  initial  report  and  again  after  major  changes 

D:       Data  acceptance  algorithm 

E:        Pibal  data  utilizing  a  double  theodolite  presenting  wind  speed,  wind 
'     direction,  and  temperature  versus  altitude. 
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1.2.^  Data  Problem  Reporting 


Whenever  a  problem  is  noticed  in  any  data,  or  should  data  be  missing, 
then  a  "Data  Processing  Problem  Report"  is  used.  It  notifies  the  Project 
Manager  that  there  is  a  problem,  tells  hirn  what  action  DP  is  taking  (even  if 
there  is  no  action)  and  finally  allows  him  to  decide  the  best  manner  to 
handle  the  problem. 

A  Problem  Report  and  the  "Data  Problem  Reporting  Flow"  are 
attached  as  a  reference. 
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Project Site 


ComponcT<L(s) 


Period  of  Time   Affected: 

Problem: 


DP  Action  Being   Taken: 
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APPENDIX  C 
AeroVironment's  Calibration  Records 


Parameter 

Pages 

NO/ NO 

X 

3 
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3 

°3 

2 

THc/ci-yco 
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Date 


Trailer  S/  N 


Location/Site  No. 

Time    


II  r  s 


Mrs. 


Chemilumines  cent  NO/NO*  Analyzer 


Make 
S/N 

Model 

Indicated    Flow: 

NOx  sample 

cc/min 

NO     sample 

cc  /min 

o3 

cc  /min 

Vacuum 

in  Hg 

NOx            NO             NO 2 

NO,             NO             NOa 

bettings:                                                   at  start 
Zero 

at  completion 

Span 

NO,            NO             NO  2 
Test  readout:                                       at  start 

Electrical  % 

NOv             NO             NO  2 
at  completion 

Optical  ppm 

Converter  Efficiency:                                 % 
Calibration  Method:                Zero: 

Span: 

Calibration  Equipment   Serial   Number 

Calibration  Gas: 

Cylinder   Number 
Analysis:      


Analysis    Date: 


Calibrated  by: 
Comments: 


A  V.  T7"_  r.-o  1  Ql 


I  I ,  \  , .   I 


I'  C\  I'iIOI)    i\v) 


Dale 
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Date:  H  November  19/\     ■; 
Trailer   S/N     patT0  3  0[  flitc    No.        \      ■ 


Chemiluminescent   NO  /  NO      Analyzer       Make 

x  ' 


0.  6 


).25      0.  5  ~ 


1.2        0.4- 


\nalyzcr 

(ppm) 


3.15      0.3- 


0.  1         0.  2  ~ 


n.  05    0.  1 


Model 
S/N 


After 
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O 

NO 

A 

NO 

X 

X 

NO  2 

0.  5 
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CALIBRATION  RECORD 


Date 


Shelter  S/N 


Location/Site  No._ 
Time Hrs_-_ 


Hrs. 


Sulfur  Dioxide  Analyzer 


.Wake 

Mode 

S/N 

Flow  settings                       air 

BEFORE 

H2 

Zero  setting 

Span  setting 

High  Voltage  Supply 

V 

Oven  Temperature 

o 

Burner  Block  Temperature 

o 

Exhaust  Temperature 

o 

H?S  Scrubber  Efficiency: 
Calibrator: 

% 

S 

Calibration  Method: 


Calibrated  by: 
Comments: 
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SO?  Perm.  Tube  No. 
H   S  Perm.  Tube  No. 


Temperature 


C 


C 
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AFTER 
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Date 


Location 


Shelter  S/N 


Sulfur  Dioxide  Analyzer        Make 
0.6  -r — 


Model 


Site  No. 
S/N 


0.5  -! 1 


0.4 


0.3 


0.2 


0.1 


0.5 


0.6 


Reference,  ppm 
REFERENCE  BASE  (Give  0  and  5  span  points) 


Flow  Setting 

SO-  in  ppm 

H_S  in  ppm 

SO-  read,  ppm 

— 
Remarks 

r\\i   (7  jrrvm 


s 


2 


CALIBRATION  CHART 


Date 


Location 


Shelter  S/N 


Sulfur  Dioxide  Analyzer        Make 


Model 
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Site  No. 
S/N 


0.3  0.1 

Reference,    ppm 
REFERENCE  BASE  (Give  0  and  5  span  points) 


0.6 


Flow  Setting 

SO?  in  ppm 

H_S  in  ppm 

SO.-,  read,  ppm 

Remarks 
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CALIBRATION  RECORD 


Date 


Trailer    S/N 


Location/Site  No. 

Time Hrs 


Ht-^ 


Chcmiluminesccnt   O3  Analyzer 

Make 

S/N 


Model 


Indicated   Flows: 
C2IL 


Sample  +  C2IU 


cc/tTiin  at  inlet  pressure 
cc/min 


psig 


Setting  s: 

BEFORE 

AFTER 

Zero 

Span 

Test: 

BEFORE 

AFTER 

Electrical  % 

Optical  ppm 

Calibration  Method:  Zero 

Span 


Calibration  Equipment  Serial  Number 

Calibrated  by: 

Comments : 


( 


Date 


C.'VJLJLB  RATION  CilART 

Location  Trailer   S/N 


Site    No. 


Chcmilumincs  cent  O3  Analyzer       Make 


0.6    r- 


0.  25    0.  5 


0.2      0.4 


Analyzer 
(ppm) 

0.  15    0.  3 


0.  2 


0.05   0.  1      - 


0.  1 
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0.2 

0.  1 


0,  3 


Model 
S/N 
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(prior)    x 
(new)        x 


Before  Calib, 

After  Calib. 


0.  4 
0.  2 


0.  5 
0.25 


0.15 
Reference   (ppm) 
REFERENCE   BASE   (give  0  and  minimum  2   points) 


0.  6 
0.3 


Flow 
Setting 

Position 

03  in 
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03  read 
ppm 

Remarks 

. — I 

THC 
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Dale 


Trailer  S/N 


Location/Site  No._ 
Time  Firs 


ILLS. 


HC/CO  Gas-  Chr omatogr aph: 
Make  '  Model 


S/N 


Pres  sures : 


Timing: 
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H2  fuel 
Burner   air 
Air   carrier 
Service   Air 
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psig 
psig 
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AeroVironment  Daily  Check  List 
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INSTRUCTIONS  FOR  FORM  F047        Pa*>c    1  of  2 
(DATA  QUALITY  CONTROL,   CHART) 


I.        Fill  in  project,    silo,   parameter,    instrument  and  unit  of  measure. 
Use  one   sheet  for  each  parameter. 

II.  Enter  date  and  record  the  span  and  zero  readings  for  that  date. 

III.  Enter  average  by  averaging  the  readings  of  that  date  and  the 
previous  date. 

IV.       Plot  the  calculated  span  and  zero  averages  on  the  span  average  and 
zero  average  charts,    respectively. 

V.       Make  an  entry  in  the  remarks  column,    in  abbreviation,    and  in  the 
station  log  in  more  detail,    a  description  of  any  corrective  action 
performed.     Abbreviations  such  as   CA  for   calibration  and  MT  for 
maintenance  are  sufficient.     No  entry  is  necessary  when  no  action 
is  required. 


INTERPRETATION  OF  CONTROL 


1.  The  instrument  is  out-of-control  when  any  of  the  following 
situations  arise: 

a.  One  or  more  points  outside  the  upper  control  limit   (UCL) 
or  lower  control  limit  (LCL). 

b.  A   run  of  2  or  more  consecutive  points  outside  the  upper 
warning  limit  (U"W"L)  or  lower. warning  limit  (LV/L). 

c.  A  run  of  7  or  more  consecutive  points  in  a  non-random  manner, 
This  might  be  a  run  up  or  run  down  or   simply  a  run  above  or 
below  the  central  line  on  the  control  chart. 

d.  Cycles  or  other   non-random  patterns  in  the  data. 

2.  When  the  instrument  is  out-of-control,    corrective  action  such  as 
calibration,    maintenance,    repair,    etc.    is   required. 

NOTE:       An  example  is  given  on  the  following  page  to  depict  the  above 
•     mentioned  instructions  and  interpretations. 


DATA  QUALITY  CONTROL  CHART 
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APPENDIX  F 


Instrument  Status  Report  Form 


C-b  SHANK  Oil,  VENTURr 


Weekly  Air  Monitoring  -System  Status   Report 


Site  No.__QZ.Q_ 


Reporting   Date 


_  By. 


I    Stat'. 
Component                 O 

IS 

MO 

Reason/ Action 

Service 
OUT|     IN 

1 

Jendix  G.  C. 



vlcloy  SO? 

vlcloy  H-,S 



Meloy  00 

VI.  L.    NO/NO, 

Meloy  Calibrator 

ML  DAS  93  00 

Kennedy  Tape 

Multi-  Point 

DAS 

I 

Hi -Vol 

Acoustic  Radar 

V."  S  '  \V  D   -    1  0  Ivl 

Temp.    10M 



Other: 

• 

| 

STATUS:     (O)  Operational;   (NO)   Non-Operational,    on  reporting  date. 

l_i\Tot<j  in  reason/action  column,    all  major  NO  status  during  week  J 
REASON/ACTION:     Nature  or  cause  of  malfunction  and  recommended  or  performed 

acl  ion  taken. 
SERVICE:     Date  of  in al function  (OUT)  and  expected    dale:  of  return-to-service  (IN). 


C-b  SHALE  OIL  VENTURE 


"Weekly    Air    Monitoring   System  Status    Report 


Site  No. 02  3 


Reporting    Date 


By_ 


Co.T.nonent 

Statu 
O 

s 

NO 

R e  a  s  0  n  /  A  c t i  on 
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OUT|     IN 
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WSAVD              10M 

3  0M 
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Temp.                   10M 

3  0M 

60M 



Delta- T   10M-60M 

' 

Bi-Vane             10M 

6  0M 

Sigma -W           10M 

6  0M 

1 

Other: 

STATUS:     (O)  Operational;   (NO)  Non-Operational,    on  reporting  date. 

[Note  in   reason/action  column,    all  major  NO  status  during  week  J 
REASON/ACTION:     Nature -or  cause  of  malfunction  and   recommended  or  performed 

v.  ct  ion   t  rd.cn. 


C-b  SHALE  OIL  VENTURE 


Weekly  Air   Monitoring  -System  Status   Report 
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PATHS:     (O)  Operational;   (NO)  Non-Operational,    on  reporting  dale. 

[Note  in  reason/action   column,    all  major   NO  status  during  week  J 
KASON/ ACTION:     Nature-  or  cause  of  malfunction  and  recommended  or  performed 

action  taken. 
K'lYIGE:     Date  of  malfunction  (OUT)   and  expected    date  of  return-to-scrvicc  (IN). 
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Weekly  Air  Monitoring -System  Status   Report 
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STATUS:     (O)   Operational;    (NO)   Non-Operational,    on   reporting   date. 

[Note  in  reason/action  column,    all  major  NO  status  during  week  J 
REASON/ACTION:     Nature  or  cause  of  malfunction  and  recommended  or  performed 

action  taken. 
SERVICE:     Date  of  malfunction  (OUT)  and  expected   date  of  return-to-service  (IN). 
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SOCIOECONOMIC  -  SUMMARY 

The  Cathedral  Bluffs  Shale  Oil  Project  has  placed  an  emphasis  on 
socioeconomic  factors  since  the  project's  inception.  The  first  "Socioeconomic 
Assessment"  for  the  project  was  completed  along  with  the  original  Detailed 
Development  Plan.  As  the  scope  and  magnitude  of  the  C-B  Project  has 
changed,  socioeconomic  data  has  been  continuously  updated,  and  an  overall 
corporate  program  for  addressing  socioeconomic  concerns  has  evolved.  A 
detailed  analysis  of  socioeconomic  factors  related  to  a  94,000  BPD  shale  oil 
project  at  the  C-B  site  is  attached  as  a  separate  volume.  Major  findings  and 
conclusions  of  that  analysis  are  presented  here. 

Recognizing  that  special  efforts  would  be  needed  to  recruit  and  maintain  a 
work  force  in  the  isolated  area  of  the  Piceance  Basin,  the  C-B  Project  was  the 
first  shale  oil  project  to  implement  a  bus  system  for  transporting  all  of  its 
employees  from  nearby  communities  to  the  project  site.  The  busing  of 
employees  has  removed  traffic  from  local  roadways,  and  saved  fuel  and 
roadway  maintenance  costs.  The  C-B  Project  plans  to  continue  bussing  all 
employees  from  their  place  of  residence  to  the  site,  as  the  labor  force  expands. 

The  C-B  Project  has  also  provided  housing  for  employees  migrating  to  the 
vicinity  of  the  project  site.  Currently,  the  Project  leases  100  apartment  and 
condominium  units,  and  owns  105  mobile  home  spaces.  Plans  call  for  the 
expansion  of  the  mobile  home  park  to  300  spaces  in  1981.  Project  housing  is 
currently  made  available  to  local  service  workers,  such  as  teachers  and 
municipal  workers,  when  it  is  not  needed  by  C-B  employees. 

Project  personnel  have  worked  closely  with  local  government  officials  in  recent 
years  to  plan  for  local  growth  and  development  and  to  solve  specific 
socioeconomic  concerns.  The  C-B  Project  financed  the  completion  of 
Development  Guides  for  the  communities  of  Rifle  and  Meeker,  in  order  that 
local  officials  could  better  understand  how  to  manage  rapid  population  growth. 
The   Project,   through    its  planning  consultants,   has  organized  local  impact 
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mitigation  teams,  consisting  of  industry  and  local  government  leaders.  The 
function  of  these  teams  is  the  exchange  of  current  information  concerning 
industrial  and  public  projects,  and  the  initiation  of  joint  actions  to  address 
socioeconomic  concerns.  Technical  assistance  has  also  been  provided  to  a 
variety  of  local  government  agencies  for  such  projects  as;  a  hospital  master 
plan,  structuring  a  sales  tax  proposal,  forming  a  recreation  district,  preparing  a 
recreation  master  plan,  designing  and  tabulating  a  household  survey,  and 
developing  a  low  cost  housing  project.  The  C-B  Project  sponsors  the 
preparation,  on  a  quarterly  basis,  of  a  socioeconomic  monitoring  report,  which 
provides  government  officials  with  current  information  concerning  the  project 
work  force  and  socioeconomic  conditions  within  nearby  communities.  A  copy  of 
the  most  recent  Cathedral  Bluffs  Shale  Oil  Project  Socioeconomic  Monitoring 
Report  is  contained  in  the  appendix  to  the  socioeconomic  volume. 

In  summary,  the  following  conclusions  are  made  concerning  the  social  and 
employment  impacts  of  the  proposed  project;  and  the  adequacy  of  existing 
community  infrastructure  to  support  the  project: 

•  Employment  and  population  growth  in  nearby  small 
communities  will  occur  at  rapid  rates  during  project 
construction.  Other  proposed  industrial  projects  in  the 
vicinity  may  contribute  substantially  to  the 
employment  buildup. 

•  Due  to  the  small  size  of  the  local  labor  force  and  the 
low  rate  of  unemployment,  much  of  the  project  labor 
force  will  come  from  outside  the  immediate  vicinity. 
Many  of  the  project  construction  workers  are  expected 
to  commute  from  other  areas  of  Western  Colorado. 

•  Water  and  sewage  treatment  facilities  in  the 
communities  of  Rifle,  Meeker  and  Silt  have  been 
oversized  to  accommodate  population  growth.  This 
excess  capacity  should  lessen  the  initial  strain  of 
population  growth  upon  these  communities. 
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•  School  district  enrollment  is  very  near  capacity  in  the 
Rifle  School  District,  while  in  Meeker  there  is  excess 
school  capacity.  New  school  facilities  will  need  to  be 
built  in  both  communities  to  accommodate  population 
growth. 

•  Both  local  hospitals  are  experiencing  low  levels  of 
occupancy  and  can  accommodate  substantial  additional 
growth. 

•■  Developable  land  is  available  within  existing 
communities  to  accommodate  requirements  for  new 
housing.  The  rate  of  local  housing  development  should 
increase  greatly. 

•  Wages  paid  directly  and  indirectly  by  the  Project  will 
greatly  increase  the  economic  base  of  the  project  area. 

•  Tax  revenues  contributed  by  the  project  will  exceed 
local  government  costs  of  service  expansion  in  Rio 
Blanco  County  and  the  Meeker  RE-1  School  District. 
Garfield  County  governments  and  the  Town  of  Meeker 
will  require  some  outside  assistance  for  service 
expansion  over  the  short  term. 

•  The  Colorado  Oil  Shale  Trust  Fund,  of  which  the  C-B 
Project  is  one  of  two  contributors,  will  continue  to  be  a 
principal  source  of  short  term  financial  assistance  to 
the  affected  local  governments. 

No  impacts  to  tribal  or  other  religious  practices  or  sites  are  anticipated  to 
result  from  the  project. 
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The  most  serious  adverse  impact  to  local  communities  will  be  the  lag  in  public 
revenues  relative  to  the  public  costs  of  expanded  services  in  those  entities 
which  will  not  benefit  directly  from  the  new  industrial  tax  base.  This  revenue 
lag  is  created  somewhat  by  the  economic  system,  and  somewhat  by  the  methods 
of  ad  valorem  tax  collection.  Property  tax  revenues  collected  on  new 
construction  generally  lag  one  to  two  years  behind  the  time  construction  is 
completed.  The  opening  of  new  commercial  establishments,  which  create  the 
base  for  retail  sales  tax  revenues,  also  lag  behind  employment  in  the  industrial 
sector. 

These  lags  are  especially  critical  in  rapid  growth  situations  where  the  increased 
demand  for  government  services  is  immediate.  The  only  remedy  for  this 
problem  is  to  provide  short  term  financing  for  expanded  local  government 
facilities.  It  is  logical  that  state  and  federal  levels  of  government  along  with 
industry  should  provide  this  short  term  financing.  Mechanisms  for  industry 
participation  would  include;  prepayment  of  taxes,  loan  guarantees,  bond 
guarantees,  bond  purchases  and  direct  cash  subsidies.  Subpart  F,  of  the 
Alternative  Fuel  Demonstration  Program  Regulations,  enables  the  Secretary  of 
DOE  to  provide  certain  government  financial  guarantees,  which  could 
substantially  minimize  the  short  term  financing  problem.  The  Cathedral  Bluffs 
Shale  Oil  Venture  is  willing  to  work  with  all  levels  of  government  to  address 
this  short  term  financing  problem. 

The  socioeconominc  mitigation  program  supported  by  the  C-B  Project  is 
detailed  in  the  socioeconomic  volume.  In  summary,  it  involves  the  following 
actions: 

•  Provision  of  a  full  range  of  information,  data  and 
forecasts  concerning  the  project  work  force  to 
government  officials.  This  information  is  currently 
provided  on  a  quarterly  basis  in  the  project 
socioeconomic  monitoring  reports. 
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•  Technical  assistance  to  local  government  agencies  for 
planning  and  economic  development  activities. 

•  A  recruitment  and  training  program,  oriented  toward 
training  local  persons  for  employment  and  recruiting 
other  employees  who  feel  most  compatable  with  the 
local  way  of  life. 

•  A  busing  program  to  transport  all  employees  from  their 
community  of  residence  to  the  project  site. 

•  A  housing  program  to  provide  employee  and  secondary 
service  worker  housing. 

•  A  commitment  to  continue  working  closely  with 
government  officials  to  mitigate  socioeconomic 
concerns  as  they  arise. 
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SOCIOECONOMICS  -  THE  BASE  CONDITION 

The  location  of  the  Cathedral  Bluffs  Project  site  will  focus  socioeconomic 
effects  primarily  upon  communities  in  Western  Garfield  County  and  Eastern  Rio 
Blanco  County.  (See  Figure  1)  This  assumption  has  been  substantiated  by  the 
residency  patterns  of  current  project  workers,  as  reported  in  the  Quarterly 
Cathedral  Bluffs  Shale  Oil  Project  Socioeconomic  Monitoring  Report  (See 
Appendix  A).  The  majority  of  project  workers  are  expected  to  reside  in  Rifle, 
while  most  other  workers  are  expected  to  reside  in  Meeker  or  Silt.  A  small 
percentage  of  project  workers  are  expected  to  reside  in  other  communities  in 
the  region  such  as:  New  Castle,  Parachute,  and  Rangely. 

Because  of  their  location,  these  communities  have  anticipated  rapid  population 
growth,  caused  by  energy  resource  development,  since  the  early  1970's.  But 
delays  in  the  development  schedules  of  nearby  oil  shale  and  coal  projects  have 
delayed  the  population  build-ups,  so  that  growth  rates  have  been  moderate  in 
recent  years,  and  local  governments  have  had  an  opportunity  to  expand  public 
services  and  facilities. 

EMPLOYMENT  AND  POPULATION 

Employment  in  both  Garfield  and  Rio  Blanco  Counties  has  increased  in  recent 
years.  As  shown  in  Table  A  total  employment  increased  by  7.7  percent  in 
Garfield  County,  and  by  17.1  percent  in  Rio  Blanco  County  from  1977  to  1979. 
Employment  distributions  in  the  two  counties  are  displayed  in  Table  B. 
Employment  in  Garfield  County  is  concentrated  in  wholesale  and  retail  trade, 
government  and  services.  Government  is  a  major  employer  in  Rio  Blanco 
County,  as  is  mining.  The  majority  of  current  mining  employment  in  Rio  Blanco 
County  is  associated  with  oil  and  gas  exploration. 

Future  employment  and  population  growth  in  the  two  counties  are  highly 
dependent  upon  the  development  of  the  area's  energy  resources.  Trend 
population  projection  figures,  displayed  in  Table  C  indicate  a  relatively  slow 
rate  of  growth  for  the  two  counties  and  the  communities  of  Rifle,  Meeker  and 
Silt  from  1980-1990.  The  trend  figures  reflect  no  major  energy  project 
development. 
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TABLE  A 

COUNTY  EMPLOYMENT 

County 

Total  Employment 
1977                   1979 

Garfield  County 

9,946                10,715 

Rio  Blanco  County 

2,161                 2,531 

Source:        State  of  Colorado,  Division  of  Employment 
Research  and  Analysis 


TABLE  B 


COUNTY  EMPLOYMENT  BY  INDUSTRY 


Industry 

Agriculture 

Mining 

Construction 

Manufacturing 

Transportation,  Utilities 

Wholesale:  Retail  Trade 

Finance,  Insurance,  Real  Estate 

Services 

Government 


%  of  Total  Employment 

Garfield 

Rio  Blanco 

County 

County 

12.6 

5.7 

N.A. 

26.6 

9.4 

8.8 

2.5 

2.7 

8.8 

9.5 

26.1 

9.9 

3.7 

3.2 

18.1 

5.5 

18.8 

28.1 

Source:  Final  West-Central  Colorado  Coal  E.S.,  U.S.  Bureau  of  Land 

Management,  and  Northwest  Supplemental  Report  U.S.  Bureau 
of  Land  Management. 
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TABLE  C 

TREND  POPULATION  GROWTH 

Year 

Garfield 
County 

Rifle 

Silt 

Rio  Blanco 
.    County 

Meeker 

1977 

18,800 

2,244 

859 

5,100 

1,848 

1980 

19,985 

2,316 

896 

5,324 

1,886 

1985 

23,178 

2,448 

977 

5,710 

1,958 

1990 

25,823 

2,585 

1,066 

6,067 

2,044 

Source:  Region    XI    Population    Projections    1980-2000,    Colorado    West 

Area  Council  of  Governments,  September  1980. 


If  employment  associated  with  proposed  energy  projects  (including  Cathedral 
Bluffs)  is  added  to  the  trend  data,  population  growth  projections  are  adjusted 
upward. 

Population  projections  which  consider  most  energy  resource  projects  proposed 
for  development  in  Garfield  and  Rio  Blanco  Counties,  are  displayed  in  Table  D. 
These  projections  were  prepared  by  the  local  council  of  governments,  and  they 
are  recognized  as  official  projections  for  the  region.  They  include  manpower 
requirements  for  the  following  projects: 

C-B  Cathedral  Bluffs  Shale  Oil  Company 

C-a  Rio  Blanco  Oil  Shale  Project  (Gulf  and  Standard) 

Paraho  (oil  shale) 

Snowmass/Anschutz  (coal) 

Mid-Continent-  Garfield/Mid-Continent  Mesa  II  (coal) 

Superior  (oil  shale  and  minerals) 

ColoWyo  (coal) 

Utah  International  (coal) 

Colorado  Ute  (power  plant) 
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Empire  (coal) 

Moon  Lake  (coal) 

GEX  CMC  (coal) 

Sheridan  (coal) 

Energy  Fuels  (coal) 

Union  Oil  (oil  shale) 

Storm  King  (coal) 

Colony/Exxon  USA  and  TOSCO  (oil  shale) 

Northern  Minerals  (coal) 

New  Coal  (new  leasing  and  expansions  as  proposed  as  part  of  BLM's  Hams 

Fork  E.S.) 

Employment  projections  for  each  project  are  included  in  Table  D. 

The  population  projections  in  Table  E  reflect  high  growth  rates  in  Rifle  and 
Meeker  for  the  period  1980-1985,  and  a  moderate  rate  of  growth  in  Silt. 
Meeker  is  projected  to  increase  in  population  at  an  average  annual  rate  of  32.5 
percent,  Rifle  at  an  average  annual  rate  of  37.8  percent  and  Silt  at  an  average 
annual  rate  of  17.0  percent. 

It  will  be  difficult  to  construct  necessary  housing  and  public  facilities  to 
accommodate  these  growth  rates  if  they  do  occur.  The  foil  wing  analysis 
attempts  to  consider  socioeconomic  factors  associated  with  both  levels  of 
population  growth.  The  uncertainty  associated  with  energy  project 
development,  and  synthetic  fuels  projects  in  particular,  is  likely  to  result  in 
actual  growth  occurring  in  the  middle  range. 

LOCAL  GOVERNMENT  JURISDICTION 

A  number  of  local  government  entities  will  be  affected  by  the  development  of 
the  Cathedral  Bluffs  Project  including:  counties,  municipalities,  school  districts 
and  special  purpose  district.  The  project  site  is  within  the  jurisdiction  of  Rio 
Blanco  County  and  the  Meeker  RE-1  School  District.  These  are  the  only  two 
local  government  jurisdictions  which  will  receive  direct  property  tax  benefits  as 
a  result  of  the  project.  Garfield  County,  the  Towns  of  Meeker,  Rifle,  Silt,  and 
the  Garfield  School  District  RE-2  are  all  located  within  the  vicinity  of  the 
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TABLE  E 
POPULATION  GROWTH  WITH  PROPOSED  ENERGY  PROJECTS 


Garfield 

Rio  Blanco 

Year 

County 

Rifle 

Silt 

County 

Meeker 

1977 

18,800 

2,244 

859 

5,100 

1,848 

1980 

23,013 

3,933 

1,079 

6,111 

2,615 

1981 

27,837 

5,661 

1,268 

9,230 

3,650 

1982 

36,494 

8,492 

1,547 

12,002 

4,861 

1983 

45,440 

12,516 

1,943 

14,343 

7,031 

1984 

53,265 

18,113 

2,297 

16,806  . 

9,077 

1985 

55,694 

19,573 

2,361 

19,392 

10,693 

1990 

64,379 

23,710 

2,595 

25,703 

24,179 

Source:  Region  XI  Population  Projects  1980-2000,  Colorado  West 

Area  Council  of  Governments 


project.  The  sanitation  district  in  Meeker,  the  hospital  district  in  Rifle  and 
various  other  special  purpose  districts  also  exist  within  the  vicinity  of  the 
project. 

PUBLIC  SERVICES  AND  FACILITIES 

Each  of  the  communities  in  the  project  area  have  upgraded  their  capacity  to 
provide  public  services  and  facilities  in  recent  years. 

The  City  of  Rifle  currently  operates  two  water  treatment  plants:  the  Graham 
Mesa  Treatment  Plant  and  the  Beaver  Treatment  Plant,  located  south  of  the 
city.  In  addition  to  the  two  treatment  facilities,  there  are  presently  four 
storage  facilities,  including  a  recently  completed  3.0  million  gallon  tank.  The 
water  system  expansion  program  which  is  underway  in  Rifle,  and  is  schedule  to 
be  completed  by  the  end  of  1981,  will  provide  for  growth  up  to  10,000  persons. 
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Meeker's  water  system  was  upgraded  in  1976,  and  at  current  usage  rates,  it  can 
provide  for  a  population  of  up  to  4,000  persons.  Silt  has  recently  begun 
construction  on  a  $1.4  million  program  to  upgrade  its  water  system. 
Improvements  should  be  completed  by  1981,  at  which  time  the  water  system 
will  have  a  design  capacity  of  2,800  persons. 

The  municipal  sewage  treatment  facility  in  Rifle  is  currently  operating  beyond 
design  capacity.  However,  plans  are  now  being  finalized  to  expand  the  facility 
to  a  treatment  capacity  of  1.04  million  gallons  per  day,  which  would 
accommodate  a  population  of  about  10,000  persons.  The  Rifle  Village  South 
Metropolitan  District  operates  a  lagoon  treatment  system  which  is  currently 
capable  of  treating  sewage  for  about  1,200  persons.  This  treatment  system  is 
capable  of  being  expanded  to  twice  that  capacity  as  the  need  arises. 

The  sewage  treatment  system  in  Meeker  is  currently  capable  of  accommodating 
a  population  of  up  to  4,000  persons.  Silt  is  in  the  process  of  designing  a  new 
sewage  treatment  plant  which  could  serve  up  to  2,800  persons. 

With  water  and  sewage  facilities  which  are  either  in  place,  or  are  scheduled  for 
construction  in  the  near  future,  Rifle  could  accommodate  up  to  10,000  persons, 
Meeker  up  to  4,000  and  Silt  up  to  2,800. 

Transportation  has  been  a  major  concern  to  the  three  communities  in  their 
efforts  to  accommodate  rapid  growth.  Rifle  is  planning  a  bypass  route  to 
relieve  traffic  congestion  from  Colorado  13  as  it  passes  through  town.  A 
shortage  of  about  $1  million  currently  exists  in  funds  needed  to  complete  the 
bypass  project.  Rifle  is  also  attempting  to  procure  funding  for  a  major  street 
improvement  and  storm  drainage  project.  Meeker  is  in  the  process  of  upgrading 
and  improving  drainage  along  Colorado  13,  west  of  town.  Silt,  which  presently 
is  without  any  paved  streets,  is  seeking  $2.7  million  to  pave  the  majority  of 
streets  in  town. 

Health  care  in  the  area  is  provided  through  Pioneer  Hospital  in  Meeker  and 
Clagett  Memorial  Hospital  in  Rifle.    Both  hospitals  are  presently  utilized  well 
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below  capacity,  but  both  hospitals  are  planning  for  rapid  expansion  once  the 
need  arises.  In  some  areas,  such  as  emergency  room  services,  the  demand  upon 
medical  services  has  already  required  that  expansion  take  place.  An  increase  in 
the  number  of  physicians  in  the  area  has  also  occurred  recently. 

Other  minicipal  services  have  been  increasing  steadily  as  population  increases 
in  the  three  communities.  Rifle  and  Meeker  have  expanded  their  law 
enforcement  staffs  in  the  last  year.  Meeker  has  acquired  additional  firefighting 
equipment.  Rifle  has  added  two  additional  municipal  staff  members,  a 
recreation  director  and  a  planning  director.  Silt  has  added  a  planner,  but 
continues  to  be  short  of  personnel  in  the  areas  of  law  enforcement  and  public 
works. 

Annual  public  sector  revenues  and  public  sector  costs,  based  upon  energy 
growth,  are  projected  for  the  two  counties  and  the  communities  of  Rifle  and 
Meeker  in  Tables  F  and  G.  Rio  Blanco  and  Garfield  Counties  as  well  as  the 
towns  of  Rifle  and  Meeker  are  expected  to  experience  revenue  surpluses 
throughout  the  period  1980-1990. 

Municipal  revenue  from  retail  sales  taxes  may  be  significantly  understated  in 
this  analysis  because  it  is  computed  based  upon  historical  shopping  patterns. 
The  small  size  of  each  of  these  communities  has  limited  the  quantity  and 
variety  of  retail  merchandise  available  in  the  past,  causing  income  'leakage" 
from  the  community.  As  the  communities  grow  in  size,  retail  sales  (deflated) 
should  increase  at  a  faster  rate  than  population,  providing  a  higher  level  of 
retail  sales  tax  income  to  municipal  governments.  This  relationship  has  been 
demonstrated  in  many  small  communities.  Craig,  Colorado,  which  has 
experienced  population  growth  of  an  estimated  10  percent  per  year  in  the  past 
two  years,  experienced  an  increase  in  retail  sales  of  32  percent  in  1979. 
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Fiscal  projections  are  not  available  for  Silt  at  the  present  time.  It  is 
anticipated  that  Silt  will  experience  similar  budgetary  deficits  during  periods  of 
rapid  growth  due  to  its  limited  ability  to  generate  tax  revenues.  Silt  will  also 
be  at  a  disadvantage,  because  of  its  small  size,  in  generating  increased  sales  tax 
revenue. 

PUBLIC  EDUCATION 

Current  enrollment  in  the  two  school  districts  which  serve  the  communities  of 
Rifle,  Meeker  and  Silt  is  displayed  in  Table  H.  Also  displayed  is  the  present 
design  capacity  of  each  school  district. 


TABLE  H 

SCHOOL  DISTRICT  ENROLLMENT  AND  FACILITY 
CAPACITY  - 1980 


District 


Garfield  School  District  RE-2 


Enrollment  Design  Capacity 


Elementary 
Junior  High 
Senior  High 

Meeker  School  District  RE-1 


1,018  1,005 

209  250 

491  490 


Elementary 
Junior  High 
Senior  High 


406  500 

130  250 

238  450 


Source:  Cathedral  Bluffs  Shale  Oil  Project,  Socioeconomic 

Monitoring  Report,  June  1980. 
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The  Garfield  School  District  Operates  two  elementary  schools,  a  junior  high 
school  and  a  senior  high  school,  and  serves  the  communities  of  Rifle,  Silt  and 
New  Castle. 

Enrollment  in  School  District  RE-2  has  increased  by  103  students  over  the  past 
year,  or  six  percent.  The  majority  of  the  increase  has  been  in  elementary 
school  students.  The  new  high  school  in  Rifle  is  scheduled  to  be  completed  in 
January  1981,  and  it  will  relieve  some  of  the  pressure  on  the  secondary  schools. 
The  new  high  school  building  will  be  capable  of  accommodating  675-800 
students.  Plans  are  underway  for  the  construction  of  an  additional  elementary 
school  in  Rifle  in  the  near  future. 

The  Meeker  School  District  has  completed  design  work  for  expansion  of  the  high 
school  and  for  a  new  elementary  school.  They  have  also  completed  a  land  swap 
with  the  city  for  a  future  elementary  school  site.  Acquiring  sites  for  future 
schools  is  a  concern  of  the  school  district.  The  district  has  applied  fop  a 
$125,000  grant  which  would  allow  them  to  purchase  sites  for  additional 
kindergarten,  elementary  school  and  high  school  facilities. 

The  following  standards  indicate  the  requirements  for  school  facilities  in  the 
area  as  population  expands. 

TABLE  I 

Population  Level 


10,000 


15,000 


20,000 


Enroll-  Schools      Enroll-    Schools      Enroll-    Schools 

ment  Needed       ment      Needed       ment       Needed 


Elementary 

1,650 

3-4 

2,475 

5 

3,300 

6-7 

Junior  High 

750 

2 

1,125 

2 

1,500 

2-3 

Senior  High 

1,650 

2 

2,475 

23 

3,300 

2-3 

Source:  Rifle  Comprehensive  Framework  Plan,  March  1980,  BMML. 
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HOUSING 

Table  J  displays  the  expected  demand  for  additional  housing  units  in  Rifle, 
Meeker  and  Silt  from  1980-1990,  given  both  trend  population  growth,  and 
population  growth  with  proposed  energy  project  development. 

TABLE  J 


HOUSING  DEMAND 
(Additional  Dwelling  Units) 

Year 

Rifle 

Trend  Growth 
Meeker      Silt 

Proposed  Energy 
Rifle          Meeker 

Growth 

Silt 

1980 

47 

12 

19 

143 

113 

67 

1981 

41 

15 

628 

375 

68 

1982 

41 

16 

1,029 

440 

101 

1983 

41 

16 

1,463 

790 

144 

1984 

41 

16 

2,035 

744 

129 

1985 

41 

16 

531 

582 

23 

1986-1990 

50 

57 

62 

1,504 

1,268 

85 

Source:  Estimates  based  upon  2.75  average  persons  per 

housing  unit 


Residential  construction  has  averaged  about  120  units  per  year  in  Rifle,  30  units 
per  year  in  Meeker  and  10  units  in  Silt  in  recent  years.  This  rate  of 
construction  could  accommodate  the  trend  demand  for  housing,  but  the  rate  of 
construction  would  have  to  be  increased  greatly  in  each  community  to  provide 
for  demand  assuming  energy  growth  projections. 

Both  Rifle  and  Meeker  have  a  number  of  subdivisions  under  development. 
Figure  2  displays  the  capacity  of  land  under  development  in  terms  of  ability  to 
accommodate  additional  population. 
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FIGURE  2 
POPULATION    CAPACITY    OF   RESIDENTIAL   DEVELOPMENTS 
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ft . 

It  has  been  estimated  recently  that  Rifle  could  accommodate  up  to  25,000 
persons  at  an  average  density  of  five  persons  per  acre  on  land  available  for 
development  within  the  area  presently  served  by  its  water  and  sewage 
treatment  systems.  Silt  also  has  a  large  amount  of  developable  land  available. 
Limitiations  to  housing  development  in  Silt  as  in  Rifle  and  Meeker  will  be 
through  public  services  rather  than  available  land. 
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SOCIOECONOMIC  IMPACTS  OF  THE  SHALE  OIL  PROJECT 

This  section  analyzes  the  socioeconomic  effects  of  the  project  upon  the 
surrounding  region.  An  attempt  is  made  to  differentiate  between  the  effect  of 
temporary  (construction)  employment  and  permanent  (operations)  employment. 

EMPLOYMENT  AND  POPULATION  GROWTH 

Figure  2  displays  project  manpower  requirements.  These  manpower 
requirements  are  used  to  project  the  total  employment  and  population  growth 
increases  in  the  region  shown  in  Tables  K  and  L.  It  is  assumed  in  these 
projections  that  the  characteristics  exhibited  by  the  current  construction  work 
force  will  continue  throughout  the  construction  period.  These  characteristics 
are  documented  in  the  Cathedral  Bluffs  Shale  Oil  Project  Socioeconomic 
Monitoring  Report.  (See  Appendix)  Assumptions  made  concerning  employment 
and  population  growth  include  the  following: 

•  Construction  work  force  is  50  percent  married  with  families 
present,  15  percent  married  without  families  present,  35  percent 
single  (Source:  Cathedral  Bluffs  Shale  Oil  Project  Socioeconomic 
Monitoring  Report). 

•  Operations  work  force  is  75  percent  married  with  families  present, 
25  percent  single  (Source:  Esitmates  based  on  data  from  Cathedral 
Bluffs  Shale  Oil  Project  monitoring  program). 

•  Average  family  size  of  married  construction  workers  is  3.1  persons, 
while  average  family  size  of  married  operations  workers  is  3.3 
persons  (Source:  Cathedral  Bluffs  Shale  Oil  Project  monitoring 
program). 

•  Additional  local  employment  generated  by  construction  employment 
will  be  at  a  ratio  of  .5  to  1  (Source:  The  Moffat  County  Capital 
Improvements  Development  Program). 

••  Additional  local  employment  generated  by  project  operation  will  be 
at  an  initial  rate  of  .7  to  1,  rising  to  .9  to  1  in  1990  and  later. 

•  40-50  percent  of  service  sector  jobs  will  be  filled  by  a  second  wage 
earner  in  a  two  wage  earner  household. 
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TABLE  K 

PROJECTED  LOCAL  EMPLOYMENT  INCREASES  AS 
A  RESULT  OF  THE  PROJECT 


PROJECT 

PROJECT 

SECONDARY 

CONSTRUCTION 

OPERATIONS 

SERVICE 

TOTAL 

EMPLOYMENT 

EMPLOYMENT 

EMPLOYMENT 

EMPLOYMENT 

1979 

290 

50 

180 

520 

1980 

335 

115 

230 

680 

1981 

147 

216 

220 

583 

1982 

420 

560 

550 

1,530 

1983 

610 

1,410 

1,290 

3,310 

1984 

890 

2,030 

1,870 

4,790 

1985 

1,040 

3,230 

2,780 

7,050 

1986 

1,190 

3,330 

3,260 

7,780 

1987 

1,410 

3,550 

3,540 

3,500 

1988 

1,140 

3,830 

3,630 

8,600 

1989 

610 

4,150 

3,630 

8,390 

1990 

230 

4,430 

4,100 

8,760 

1991 

0 

4,430 

3,990 

8,420 

• 
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TABLE  L 

PROJECTED  LOCAL  POPULATION  INCREASES 
AS  A  RESULT  OF  THE  PROJECT 


OTHER 

RIFLE 

MEEKER 

SILT 

AREAS 

TOTAL 

1979 

655 

170 

100 

95 

1,020 

1980 

825 

245 

130 

105 

1,305 

1981 

885 

290 

140 

105 

1,420 

1982 

1,835 

655 

300 

195 

2,985 

1983 

4,255 

1,565 

695 

435 

6,950 

1984 

6,150 

2,250 

1,005 

630 

10,035 

1985 

9,080 

3,420 

1,490 

895 

14,885 

1986 

10,080 

3,785 

1,650 

1,000 

16,515 

1987 

11,015 

4,095 

1,800 

1,105 

18,015 

1988 

11,165 

4,255 

1,835 

1,080 

18,335 

1989 

10,925 

4,340 

1,805 

990 

18,060 

1990 

11,430 

4,680 

1,900 

980 

18,990 

1991 

10,995 

4,530 

1,835 

915 

18,325 
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•  Employees  in  the  support  sectors  will  be  80  percent  married  and  20 
percent  single  (Source:  The  Moffat  County  Capital  Improvements 
Development  Program). 

•  Average  family  size  of  employees  in  the  support  sectors  is  3.3 
persons  (Source:  The  Moffat  County  Capital  Improvements 
Development  Program). 

Whenever  possible,  these  assumptions  reflect  actual  data  collected  from  the 
Cathedral  Bluffs  Project  during  the  past  two  years. 

Location  of  the  project  will  influence  most  project  workers  to  reside  in  one  of 
the  three  nearby  communities  of  Rifle,  Meeker,  or  Silt.  Rifle  is  the  closest 
community  to  the  project  site,  at  a  distance  of  41  highway  miles,  while  Meeker 
is  44  miles  and  Silt  is  48  miles  from  the  site.  Currently,  63  percent  of  the 
workers  on  the  Cathedral  Bluffs  site  reside  in  Rifle,  with  11  percent  residing  in 
Meeker  and  5  percent  residing  in  Silt.  The  remaining  workers  are  distributed 
among  other  towns  in  the  area  such  as:  New  Castle,  Glenwood  Springs,  Grand 
Valley  and  Grand  Junction.  (See  Appendix)  This  distribution  refers  to  workers 
who  are  engaged  primarily  in  construction  activity.  The  primary  reason  for  this 
distribution  is  the  availability  of  housing  in  Rifle  and  its  proximity  to  larger 
urban  areas. 

Residency  patterns  exhibited  by  the  current  work  force  are  expected  to  remain 
consistent  as  the  construction  work  force  expands.  A  residency  distribution  of 
65  percent  in  Rifle,  15  percent  in  Meeker,  10  percent  in  Silt  and  10  percent  in 
other  areas  (New  Castle,  Glenwood  Springs,  Grand  Valley  and  Grand  Junction)  is 
assumed  for  construction  workers. 

The  residency  pattern  of  permanent  project  workers  is  expected  to  vary 
somewhat  from  construction  workers.  Permanent  workers  are  expected  to 
place  more  value  on  proximity  of  place  of  work,  and  established  community 
than  are  temporary  workers.  for  these  reasons,  the  distribution  of  the 
permanent  work  force  is  assumed  to  be  60  percent  in  Rifle,  25  percent  in 
Meeker,  10  percent  in  Silt  and  5  percent  in  other  locations. 
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Table  L  is  a  projection  and  allocation  of  local  population  increase  as  a  result  of 
the  project.  These  population  figures  include  both  project  workers  and  derived 
secondary  service  employees. 

The  greatest  effects  of  population  growth  due  to  the  project  should  be  in  the 
community  of  Rifle.  These  figures  assume  that  a  large  percentage  of  the 
construction  work  force  will  be  housed  in  Rifle,  an  assumption  which  could 
change  substantially  if  construction  camp  housing  is  made  available.  Population 
increases  in  Meeker  and  Silt  should  not  be  nearly  as  large  as  in  Rifle,  but 
incoming  population  would  significantly  increase  the  existing  size  of  those  two 
communities. 

LABOR  SUPPLY 

Project  operation  will  require  a  large  number  of  skilled  workers  which  are  not 
currently  available  in  the  local  labor  force.  To  address  the  labor  force  needs, 
the  Cathedral  Bluffs  Project  is  developing  a  sophisticated  system  of  labor 
recruitment  and  training. 

The  Cathedral  Bluffs  Project  intends  to  make  training  programs  available, 
either  in-house  or  through  local  education  institutions,  which  will  qualify 
individuals  for  all  skills  required  in  project  operation.  This  will  enable  many 
local  residents  to  obtain  employment  with  the  project.  It  should  also  allow  for 
more  long-term  opportunities  for  construction  workers  in  the  area  to  obtain 
permanent  project  employment,  which  would  reduce  the  movement  of  persons 
in  and  out  of  the  local  area  as  the  transition  is  made  from  construction  to 
operations. 

PUBLIC  FACILITIES  AND  SERVICES 

The  ability  of  local  government  public  facilities  and  services  to  provide  for 
future  demand  is  highly  contingent  upon  the  rate  of  total  population  growth  in 
the  region.  The  uncertainty  of  population  growth  is  caused  by  the  uncertain 
development  schedule  of  energy  resource  projects  other  than  the  Cathedral 
Bluffs  Project,  and  upon  which  the  Cathedral  Bluffs  Project  has  little  control. 
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As  indicated  in  the  previous  section  the  communities  of  the  region  are  working 
to  expand  facilities  and  services.  Rifle  is  completing  a  comprehensive  plan 
which  closely  examines  all  aspects  of  accommodating  a  population  of  10,000 
persons.  Construction  is  currently  underway  to  upgrade  municipal  water  and 
sewage  treatment  facilities  to  accommodate  up  to  10,000  persons.  Planning  has 
recently  begun  to  expand  these  systems  even  further.  This  construction  is 
financed  primarily  through  federal  and  state  grants.  Rifle  is  continuously 
expanding  its  law  enforcement  and  fire  protection  capacity  with  the  addition  of 
staff  and  acquisition  of  equipment.  The  hospital  in  Rifle  is  currently  operating 
at  a  38  percent  occupancy  level,  which  allows  for  a  significant  increase  in 
utilization  before  major  expansion  is  necessary. 

The  delivery  of  social  services  has  been  hampered  recently  in  Rifle  by 
inadequate  financial  resources.  The  delivery  of  social  services  generally  suffer 
in  rapid  growth  communities  because  of  the  greater  emphasis  placed  on 
expanding  physical  facilities.  These  services  are  supported  on  a  countywide  or 
statewide  basis,  however,  which  allows  them  the  advantage  of  a  larger  revenue 
base  and  a  revenue  base  which  benefits  from  industrial  development. 

Meeker  is  also  planning  for  a  greatly  expanded  population.  A  recently 
completed  land  use  concept  plan  identifies  the  need  to  plan  for  a  community  of 
8,000  persons.  Water  and  sewer  treatment  facilities  are  capable  of 
accommodating  a  population  of  4,000  persons.  Additional  capital  improvements 
planning  is  underway  which  addresses  a  population  of  up  to  11,500  persons.  The 
local  17-bed  capacity  hospital  in  Meeker  is  averaging  less  than  30  percent 
occupancy,  but  out-patient  services  are  steadily  increasing. 

Silt  will  soon  have  adequate  water  and  sewage  treatment  facilities  for  a 
population  of  2,800  persons,  or  a  population  larger  than  that  which  the  town  is 
expected  to  attain  by  1990.  (See  Table  E). 

Existing  municipal  facilities  in  all  three  communities  are  adequate  to 
accommodate  short-term  growth  in  the  area,  but  most  excess  capacity  should 
be  absorbed  by  1984.    Both  Rifle  and  Meeker  will  require  substantial  facility 
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expansion  to  accommodate  population  growth  resulting  from  the  combination  of 
energy  resource  development  proposed  for  the  region. 

It  is  generally  true  that  a  minimum  time  period  required  for  the  completion  of  a 
major  public  works  project  (i.e.  water  system,  sewage  system,  street,  drainage) 
in  the  area  is  two  years,  if  financing  for  the  project  is  available.  If  financing 
for  public  projects  continues  to  be  available  through  sources  such  as  those 
discussed  in  the  following  section  public  sector  expansion  should  be  capable  of 
keeping  pace  with  private  sector  development. 

Table  M  reflects  basic  requirements  for  treated  water,  sewage  treatment,  law 
enforcement  and  hospital  services  in  the  communities  of  Rifle,  Meeker  and  Silt, 
as  a  result  of  the  project. 


TABLE  M 

INCREASED  DEMAND  FOR  MUNICIPAL  SERVICES 

RESULTING  FROM  THE  PROJECT 

1980-1990 


RIFLE 


MEEKER 


SILT 


OTHER 
AREAS 


Treated  Water* 
Sewage  Treatment** 
Law  Enforcement*** 

Hospital**** 


• 
*** 


3,848  MGD  1,603  MGD  .642  MGD  .320  MGD 

1.099  MGD    .485  MGD  .183  MGD  .093  MGD 

22  officers  9  officers  6c  4  officers  <x  — 

11  police  4  police  2  police  — 

vehicles  vehicles  vehicles  — 

399  additional  13  additional  (Included  in  — 
beds                  beds             Rifle  estimate) 


Based  on  average  day  consumption  of  350  gallons  per  capita. 
Based  on  average  day  effluent  of  100  gallons  per  capita. 
Based  on  standard  requirement  of  two  officers  and  one  police 
vehicle  per  1,000  persons.  Population  based  on  10,000  persons. 
Based  on  standard  of  three  hospital  beds  per  1,000  persons  in  the 
service  area.  Population  based  on  10,000  persons. 
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PUBLIC  EDUCATION 

Projected  growth  in  school  enrollment  in  each  local  school  district  resulting 
from  the  project  is  presented  in  Table  N.  The  actual  age  distribution  of 
children  of  current  project  workers,  who  are  in-migrants  to  the  area,  were  used 
in  these  calculations.  The  Cathedral  Bluffs  Socioeconmic  Monitoring  Reports 
show  that  children  of  in-migrating  workers  are  of  the  following  school  age 
distribution. 


Preschool 

37% 

Elementary 

42% 

Junior  High  School 

12% 

Senior  High  School 

9% 

The  project  would  generate  a  substantial  increase  in  school  enrollments, 
particularly  in  the  Garfield  School  District  RE-2,  where  most  schools  are 
currently  at  capacity.  Some  of  the  increased  demand  upon  school  facilities 
could  be  reduced  if  employees  hired  during  the  construction  phase  of  the 
project  were  discouraged  from  bringing  their  families  to  the  local  area.  This 
would  provide  the  local  school  districts  with  more  lead  time  to  plan  and  build 
additional  school  facilities.  This  could  be  accomplished  by  providing  temporary 
housing  to  employees  without  families. 

Estimated  costs  of  expanded  public  services  and  facilities  are  detailed  in  Table 
O.  These  costs  are  grouped  according  to  local  jurisdiction;  municipality,  county 
or  school  district,  which  has  responsibility  for  the  particular  public  service. 

Applying  the  per  capital  cost  figures  to  the  projected  population  increases  due 
to  the  project,  yields  estimated  costs  of  public  facility  and  service  expansion  of 
$180,761,000  as  displayed  in  Table  P.  Capital  investment  costs  reflect  an 
estimate  based  upon  a  permanent  population  of  18,325. 
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TABLE  N 

PROJECTED  INCREASES  IN  LOCAL  SCHOOL 
ENROLLMENT  AS  A  RESULT  OF  THE  PROJECT 


Total  Students 

Uarlield  School 

Meeker  School 

Other 

Year 

District  RE-2* 

District  RE-1 

Areas 

Total 

1979 

165 

35 

20 

220 

1980 

225 

45 

30 

300 

1981 

780 

155 

105 

1,040 

1982 

.     1,305 

260 

175 

1,740 

1983 

1,990 

400 

265 

2,655 

1984 

2,990 

600 

400 

3,990 

1985 

3,065 

615 

410 

4,090 

1986 

3,250 

650 

435 

4,335 

1987 

3,215 

645 

430 

4,290 

1988 

3,245 

650 

435 

4,330 

1989 

3,280 

655 

435 

4,370 

1990 

3,465 

695 

460 

4,620 

♦Includes  Rifle  and  Silt 
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TABLE  O 

ITEMIZED  ESTIMATES  OF  PUBLIC  FACILITY  AND  SERVICE  COSTS 

(Per  Capita  Capital  Costs  For  A  Population  Base 

of  10,000  Persons  - 1980  Dollars) 

Capital 
Investment 


Municipal  Services 


1. 

Water  System 

2. 

Sewage  Treatment 

3. 

Storm  Drainage 

4. 

Solid  Waste 

5. 

Open  Space  and  Recreation 

6. 

Government  Regulation 

7. 

Planning 

8. 

Police 

9. 

Fire 

10. 

Library 

11. 

Health  and  Medical 

12. 

Municipal  Streets  <5c  Roads 

13. 

Cemeteries 

14. 

Other  (5%  of  total) 

County  Services 

1. 

County  Roads  <5c  Highways 

2. 

Mental  Health 

3. 

Development  Disabilities 

4. 

Physical  Rehabilitation 

5. 

Social  Services 

6. 

Public  Health 

7. 

Elderly  Services 

8. 

Juvenile  Corrections 

9. 

Adult  Corrections 

10. 

Other  (5%  of  total) 

School  District  Services 

1. 

Preschool 

2. 

Elementary 

3. 

Junior  and  Senior  High 

4. 

Vocational-Technical 

5. 

Higher  Education 

$  395.00 
426.00 
144.28 

13.88 
372.42 

34.63 
330.80 

29.56 
148.17 

73.87 

210.84 

1,836.00 

10.83 
201.31 

Total  $4,227.59 

$1,035.00 

1,090.00 

227.33 
Total  $2,352.33 


$     170.83 

1,197.34 

1,225.00 

834.75 

306.72 

Total  $3,734.64 

Source:  Oil  Shale  Tract  C-B,  Socioeconomic  Assessment,  Volume  n  Impact 

Analysis,  C-B  Shale  Oil  Project.  Figures  updated  to  1980  dollars 
using  implicit  price  deflators  for  local  government  expenditures. 
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TABLE P 

ESTIMATED  COST  OF  PUBLIC  FACILITY  AND  SERVICE 

EXPANSION  DUE  TO  PROJECT  CONSTRUCTION 

(1980  Dollars) 

Capital 
Investments 


Garfield  County* 

School  District  RE-2** 

Rifle 

Silt 

Rio  Blanco  County 

School  District  RE-1 

Meeker 


Total 


$  31,257,000 
47,915,000 
46,482,000 
7,758,000 
10,774,000 
17,105,000 
19,362,000 

$  180,653,000 


*  Assumes  Rifle,  Silt  and  50  percent  of  growth  in  other  areas. 
**  Assumes  Rifle  and  Silt  only. 


HOUSING 

Table  Q  displays  the  total  demand  for  additional  housing  units  in  each 
community  as  a  result  of  the  project.  These  calculations  assume  that  one 
housing  unit  will  be  required  for  each  1.5  single  workers  and  each  1.0  married 
workers.  Housing  for  employees  in  the  support  sectors  is  included  in  the 
calculations. 

Assuming  an  average  gross  density  of  5  units  per  acre,  included  in  the  Rifle 
Comprehensive  Framework  Plan  as  a  target  density,  additional  residential  land 
requirements  would  be  741  acres  in  Rifle,  309  acres  in  Meeker,  122  acres  in  Silt 
and  62  acres  in  other  areas. 
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Year 
1979 
1980 
1981 
1982 
1983 
1984 
1985 
1986 
1987 
1988 
1989 
1990 
1991 


TABLE  Q 
HOUSING  DEMAND  RESULTING  FROM  PROJECT  OPERATION 

Total  Dwelling  Units 


Rifle 

Meeker 

sat 

Other 
Areas 

235 

95 

40 

20 

290 

120 

50 

25 

305 

130 

50 

25 

635 

265 

105 

55 

1,465 

610 

245 

120 

2,115 

880 

350 

175 

3,110 

1,295 

520 

260 

3,455 

1,440 

575 

280 

3,780 

1,575 

630 

315 

3,820 

1,590 

635 

320 

3,710 

1,545 

620 

310 

3,860 

1,610 

645 

320 

3,705 

1,545 

610 

310 

The  abundance  of  housing  units  which  are  planned  for  the  communities  of  Rifle 
and  Meeker  should  provide  for  a  large  portion  of  the  housing  needs  in  those 
communities  during  the  early  years  of  the  project.  Table  R  is  a  detailed 
account  of  housing  projects  currently  under  development  in  the  two 
communities.  Additional  housing  units,  beyond  those  planned  for  development, 
will  likely  be  needed  in  Rifle  beginning  in  1983  or  1984. 

The  possible  development  of  temporary  housing  for  construction  workers,  would 
ease  the  housing  demand  in  existing  communities,  during  the  initial  years  of  the 
project. 
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TABLE'S 

PLANNED  RESIDENTIAL  DEVELOPMENT  WITHIN 
CATHEDRAL  BLUFFS  PROJECT  AREA 


General 

Number  and 

Development 

Location 

Type  of  Units 

Rifle  Area 

Palomino  Park 

N.  Rifle 

Phase  I 

30  Ap 

artment  Units 

Status 


Phase  I 

30  Apartment  Units 
29  Single  Family  Lots 

Completed 
Completed 

Phase  II 

15  Single  Family  Lots 
70  Apartment  Units 
20  Townhouses 

14  Completed 

40  Completed 

4  Completed 

Phase  m 

44  Single  Family  Lots 

18  Completed 

Phase  IV 

47  Single  Family  Lots 
20  Apartment  Units 

0  Completed 
Plats  withdrawn 

Phase  V 

42  Apartment  Units 

Plats  withdrawn 

Highlands  East            E.  Rifle 

Phase  I 

37  Single  Family  Lots 
10  Apartment  Units 

Completed 
Completed 

Phase  n 

5  Single  Family  Lots 
4  Apartment  Units 

1  Completed 
0  Completed 

Phase  m 

16  Single  Family  Lots 

60%  Completed 

Phase  TV 

36  Single  Family  Lots 
64  Apartment  Units 

30%  Completed 

Phase  V 

60  Single  Family  Lots 

10%  Completed 

Phase  VI 

77  Single  Family  Lots 
(Cluster  Homes) 

Final  plat 
approved 

Phase  VII 

65  Single  Family  Lots 

Sketch  plan 
submitted 

Arabian  Heights          N.E. 

Rifle 

Phase  I  <Jc  II 

27  Single  Family  Lots 

20%  Completed 

Phase  m 

187  Single  Family  Lots 
31  Duplexes 

Sketch  plan 
approved 

Sketch  plan 
approved 
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Development 


General 
Location 


Number  and 
Type  of  Units 


Rifle  Area  (Continued) 

Kings  Crown  Mobile    N.W.  Rifle 
Home  Subdivision 


223  Single  Family  Lots 
100  Multi-Family 
(Duplexes  and  Four-Plexes) 


Phase  II 
Mesa  View  Estates      S.W.  Rifle 
Phase  I 
Phase  II 

Knollridge  P.U.D.        N.W.  Rifle 


North  Meadows 


Rifle  Heights 


N.  Rifle 


E.  Rifle 


Mahogany  Addition     S.  Rifle 


Trapper  Hollow 
P.U.D. 


W.  Rifle 


Status 


Phase  I 

103  Mobile  Home  Spaces 

75  percent 
occupied 

Phase  n 

189  Mobile  Home  Spaces 

Approved  but 
not  yet  under 
construction 

Shadow  Ridge 

W.  Rifle 

27  Single  Family  Lots 
10  Duplexes 
46  Townhouses 
20  Condominiums 

Final  plat 
stage 

Cottonwood 
Meadows 

W.  Rifle 

250  -400  Units, 
mixed  residential 

Sketch  plan 
lapsed 

Rim  rock 

N.  Rifle 

Phase  I 

288  Condominiums 
240  Apartments 

Sketch  plan 
stage 

Revising  initial  concepts 

No  action 

34  Single  Family  Lots 

90%  Completed 

10  Single  Family  Lots 

Preliminary 
plat  stage 

34  Single  Family  Lots 
52  Duplexes 
100  Townhouses 

Preliminary 
plat  approved 

168  Mutli-Family  Apartments 
250  Multi-Family 

Sketch  plan 
approved 

100  Single  Family 

Sketch  plan 
lapsed 

48  Multi-Family  Units 

0  Completed 

28  Condominium  Units 

0  Completed 

-36- 


4 


Development 

General 
Location 

Number  and 
Type  of  Units 

Status 

Rifle  Area  (Continued) 

Barnett  P.U.D. 

W.  Rifle 

20  Condominium  Units 

Final  plat 
approved 

Carmack  Mobile 
Home  Subdivision 

N.  Rifle 

300  Mobile  Home  Lots 
40  Multi-Family  Units 

Sketch  plat 
approved 

Creek  Meadows 

N.  Rifle 

152  Multi-Family  Units 

Preliminary 
plat  approved 

Fairview  Addition 

20  Condominiums 

Sketch  plan 
approved 

Jackson  Heights 

(Senior  Citizen 

and  subsidized 

W.  Rifle 

8  Single  Family  Lots 
25  Condominiums 
16  Cluster  Houses 

Sketch  plan 
approved 

housing) 
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COMMUNITY  ECONOMIC  BENEFITS 

Construction  and  operation  of  the  Cathedral  Bluffs  Shale  Oil  Project  will 
contribute  increased  wage  and  salary  income  to  nearby  communities  over  the 
project  life.  Average  construction  worker  wages  are  expected  to  be  $27,000 
annually  (1980  dollars),  while  operations  workers  are  expected  to  earn  $22,000 
annually  (1980  dollars).  These  wages  are  significantly  higher  than  the  existing 
overall  wage  in  the  area.  Employees  in  the  support  sectors,  whose  jobs  are 
generated  by  project  operation,  are  expected  to  earn  an  average  wage  of 
$15,500  annually  (1980  dollars).  An  estimated  local  total  payroll  of  $3.4  billion 
wil  be  generated  directly  by  the  project.  An  additional  local  payroll  of  $2.4 
billion  will  be  generated  in  local  service  sector  jobs,  fop  an  estimated  total 
local  payroll  of  $5.8  billion.  Table  S  is  a  tabulation  of  both  direct  and  indirect 
annual  local  payroll  generated  by  the  project.  The  payroll  figures  are  allocated 
by  the  expected  residence  distribution  of  project  workers. 

Local  government  jurisdictions  will  benefit  from  the  project  through  increased 
tax  revenues.  The  project  will  contribute  property  taxes  directly  to  Rio  Blanco 
County  and  the  Meeker  School  District.  Other  entities  of  local  government  will 
benefit  through  individual  property  taxes,  sales  taxes  and  other  local 
government  taxes  and  fees. 

The  State  of  Colorado  will  collect  increased  corporate  income,  sales,  use  and 
severance  taxes  from  the  project.  The  State  will  also  receive  increased 
individual  income  taxes,  highway  users  and  other  taxes  from  project  employees 
and  service  sector  employees  whose  jobs  are  generated  by  the  project.  In 
addition  Colorado  will  receive  50  percent  of  all  mineral  royalty  payments  made 
to  the  U.S.  government. 

Table  T  is  an  estimation  of  tax  revenues  accruing  directly  to  local  government 
entities  as  a  result  of  the  project.  These  figures  include  only  corporate 
property  taxes,  individual  property  taxes,  individual  sales  taxes,  and  special 
purpose  fees.  They  do  not  include  any  transfer  of  revenues  which  might  occur 
between  State  and  local  governments,  or  Federal  and  local  governments. 
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TABLE  S 

ADDITIONAL  LOCAL  WAGE  AND  SALARY 

INCOME  RESULTING  FROM  PROJECT  OPERATION 

(1980  Dollars) 


Other 

Year 

Rifle 

Meeker 

Silt 

Areas 

1980 

$           7,097,000 

$           2,957,000       $           1,182,000       $               591,000 

1981 

9,161,000 

3,817,000 

1,527,000 

763,000 

1982 

25,207,000 

10,503,000 

4,201,000 

2,100,000 

1983 

39,972,000 

16,655,000 

6,662,000 

3,331,000 

1984 

63,060,000 

26,275,000 

10,510,000 

5,255,000 

1985 

94,590,000 

39,412,000 

15,765,000 

7,882,000 

1986 

96,700,000 

40,292,000 

16,117,000 

8,058,000 

1987 

99,188,000 

41,328,000 

16,531,000 

8,266,000 

1988 

94,305,000 

39,294,000 

15,718,000 

7,859,000 

1989 

91,590,000 

38,163,000 

15,265,000 

7,632,000 

1990 

89,835,000 

37,431,000 

14,972,000 

7,486,000 

1991- 

2,811,600,000 

1,171,500,000 

468,600,000 

234,300,000 

2019 

Total 

$  3,522,305,000 

$  1,467,627,000       $       587,050,000       1 

i       293,523,000 
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TABLE  T 

PROJECTED  DIRECT  TAX  REVENUES  ACCRUING  TO 

MUNICIPALITIES,  COUNTIES  AND  SCHOOL  DISTRICTS 

AS  A  RESULT  OF  THE  PROJECT 


1980-1985 

1986-1990 

1991-2014 

Total 

Garfield  County* 

$  1,855,000 

$  4,390,000 

$22,033,000 

$28,278,000 

School  District  RE-2** 

3,266,000 

7,754,000 

39,100,000 

50,120,000 

Rifle 

2,526,000 

7,088,000 

35,319,000 

44,933,000 

Silt 

638,000 

1,486,000 

7,455,000 

9,579,000 

Rio  Blanco  County 

3,624,000 

24,747,000 

143,745,000 

172,116,000 

School  District  RE-1 

20,748,000 

122,450,000 

825,707,000 

968,905,000 

Meeker 

621,000 

1,734,000 

8,875,000 

11,230,000 

*    Assumes  Rifle,  Silt  and  50  percent  of  growth  in  other  areas. 

**      A.osiimpc;  Rifle  And  Silt  onlv. 

The  C-B  Project  estimates  that  a  total  of  $1,344,000,000  in  corporate  property 
taxes,  $287,000,000  Jn  severance  taxes  and  $767,000,000  in  mineral  royalties 
will  be  paid  to  local,  state  and  the  federal  government  respectively,  during  the 
life  of  the  project. 

In  comparing  Table  P  with  Table  T  some  understanding  can  be  gained  of  the 
costs  of  growth  to  local  governments  vs  the  revenues  produced  by  the  project. 
It  should  be  understood  when  making  the  comparison  that  all  local  property  and 
sales  tax  revenues  cannot  be  committed  solely  for  capital  requirements,  but 
they  are  the  major  revenue  sources  available  for  capital  requirements. 

School  District  RE-1  in  Meeker,  the  jurisdiction  which  will  benefit  most  from 
the  corporate  property  taxes  paid,  should  be  in  a  strong  position  to  meet  capital 
expenditure  requirements  from  early  on.  The  school  district  will  likely  be  able 
to  reduce  its  property  tax  rate  in  later  years  because  of  the  large  amount  of 
revenue  generated  by  the  project.    Rio  Blanco  County  should  also  receive  large 
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tax  benefits  from  the  project,  which  will  allow  it  to  reach  an  equilibrium  with 
its  expenses  in  the  mid-1980's.  The  current,  relatively  low  tax  rate  imposed  by 
Rio  Blanco  County,  will  likely  be  preserved. 

Garfield  County  and  School  district  RE-2  will  not  benefit  directly  from  the 
industrial  tax  base  resulting  from  the  project,  but  they  should  receive  a 
significant  tax  revenue  increase  as  a  result  of  population  growth.  Both  county 
and  school  district  entities  should  require  some  outside  financial  assistance  for 
capital  projects  during  the  periods  of  construction  and  initial  operation. 

The  three  municipalities  of  Meeker,  Rifle  and  Silt  should  each  have  difficulty 
meeting  facility  costs  in  future  years.  The  municipalities  will  not  benefit 
directly  from  any  industrial  tax  base  and  sales  tax  revenues  will  increase  at  a 
slower  pace  than  population  growth.  Meeker  is  projected  to  be  in  a  long  term 
deficit  position  because  its  current  sales  tax  rate  is  only  one  percent.  The 
municipalities  will  likely  be  dependent  upon  outside  sources  of  financial 
assistance  to  meet  necessary  expenditure  requirements. 

The  disproportionate  distribution  of  local  government  tax  revenues  under 
current  methods  of  taxation  is  the  greatest  problem  in  addressing  population 
growth  in  the  region.  State  and  federal  aid  programs  help  to  offset  this 
inequality  but  other  mechanisms  need  to  be  developed.  The  C-B  Project  is 
working  with  local  officials  to  create  a  recreation  district  which  will  tap 
industrial  tax  base  for  recreation  purposes  in  Rio  Blanco  County. 

AESTHETIC  IMPACTS 

Development  associated  with  the  proposed  project  will  consist  primarily  of  new 
housing  and  related  access  roads.  Most  housing  development  will  occur  within 
existing  communities  and  conform  to  established  development  plans.  The 
proposed  temporary  man  camp  housing  will  likely  be  placed  on  the  tract  and 
integrated  within  the  industrial  complex.  Visual  impacts  will  be  minimum. 
Some  deterioration  in  air  quality  will  result  from  urbanization. 
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Population  densities  will  be  increased  in  the  communities  of  the  region,  but  not 
to  the  point  of  overcrowding.  To  date  population  densities  in  Rifle  and  Meeker 
have  been  very  low,  which  has  resulted  in  a  high  cost,  on  a  per  capita  basis,  for 
delivery  of  local  government  services.  The  municipalities  are  now  making  an 
effort  to  increase  densities  through  policies  of  infilling  and  higher  density 
housing  development,  to  reduce  the  costs  of  public  services. 

LIFESTYLE  AND  CULTURAL  RESOURCES 

Projected  population  growth  will  cause  changes  in  the  rural  lifestyle  of  the 
region.  People  with  different  attitudes  and  preferences  will  migrate  to  the 
area.  Agriculture  and  tourism  will  be  replaced  by  energy  resource  development 
as  the  dominant  local  economic  sector.  Recreation  areas  will  become  more 
crowded,  but  a  greater  diversity  in  social,  cultural  and  recreation  experiences 
will  be  available  for  the  population. 


r 


- 
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MEASURES  AVAILABLE  FOR  MITIGATION  OF 
SOCIOECONOMIC  IMPACTS 


There  are  some  specific  measures  available  to  local  government  agencies  to 
avoid  or  reduce  adverse  effects  of  rapid  population  growth.  Some  of  these 
measures  involve  increased  revenues  either  through  local  sources  or  state  and 
federal  government  sources.  Mitigation  can  also  be  achieved  through  industry 
initiatives,  such  as  policies  to  hire  and  train  local  employees  and  to  provide 
transportation  and  housing  facilities. 


ADDITIONAL  TAX  RESOURCES  AVAILABLE  FOR  EXPANSION  OF 
COMMUNITY  FACILITIES  AND  SERVICES 


As  discussed  in  the  previous  section,  local  government  entities  will  benefit  from 
increased  local  taxes,  but  to  varying  degrees.  The  projected  tax  revenue 
increases  displayed  in  Table  T  are  based  on  current  tax  rates.  Current  tax  rates 
will  likely  be  adjusted  over  time,  as  the  tax  base  of  each  entity  changes.  Some 
entities,  such  as  the  RE-1  School  District  and  Rio  Blanco  County  may  be  able  to 
reduce  taxes  overal  because  of  large  increases  in  tax  rate,  while  the  Town  of 
Meeker  and  City  of  Rifle  may  have  to  increase  taxes  in  order  to  keep  pace  with 
the  costs  of  growth.  Some  of  the  inequity  in  tax  based  distribution  might  be 
overcome  through  a  cost  sharing  among  local  governments,  such  as  a  use  of 
county  revenues  to  finance  municipal  projects. 

Another  mechanism  available  for  more  equity  distributing  the  tax  base  is  the 
use  of  special  service  districts.  For  example,  the  C-B  Project  is  assisting  the 
Eastern  Rio  Blanco  County  Recreation  Commission  in  setting  up  a  recreation 
district  which  will  incorporate  the  project  and  utilize  its  tax  base  to  provide 
recreation  facilities  in  Meeker. 


STATE  AND  FEDERAL  GOVERNMENT 
FINANCIAL  ASSISTANCE  PROGRAMS 


The  Colorado  Oil  Shale  Trust  Fund  (OSTF)  is  a  primary  source  of  financial 
assistance  to  local  governments  in  the  project  area  for  construction  of  facilities 
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and  provision  of  services.  The  OSTF  had  an  original  sum  of  $75  million,  which 
was  generated  by  the  leasehold  payments  made  to  the  federal  government  by 
the  C-a  and  the  C-B  Projects.  The  OSTF  has  been  used  extensively  since  1975, 
and  is  primarily  responsible  for  the  excess  capacity  which  now  exists  in  local 
water,  sewer,  school,  and  health  care  facilities.  Approximately  $55  million  is 
still  available  in  the  OTSF. 

In  addition  to  the  OSTF,  Colorado  has  another  financial  assistance  program 
available  to  local  governments  affected  by  energy  development.  That  program 
is  the  Energy  Impact  Assistance  Program,  which  contains  a  portion  of  the 
revenues  paid  to  the  State  in  mineral  severance  taxes,  and  Federal  mineral 
production  royalty  payments.  Some  $7  million  each  year  is  now  available  to 
local  governments  in  the  form  of  grants  through  the  Energy  Impact  Assistance 
Program. 

Other  federal  programs  through  Farmers  Home  Administration,  HUD,  EDA, 
EPA,  DOE,  and  DOT  are  available  to  local  governments  as  financial  assistance 
for  various  purposes.  Only  the  FmHA  601  Program  is  specifically  targeted  to 
locales  experiencing  energy  resource  development.  Substantial  additional 
Federal  assistance  may  be  made  available  if  legislation  which  is  now  pending  in 
the  U.S.  Congress  is  approved.  S.B.  1699,  which  proposes  a  substantial 
assistance  program  of  up  to  $2  billion,  is  a  necessary  part  of  any  effective 
energy  program. 
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PREVIOUS  CORPORATE  ASSISTANCE  EXTENDED 
IN  SOCIOECONOMIC  AREA 

The  Cathedral  Bluffs  Project  has  participated  in  managing  socioeconomic 
impacts  from  the  very  beginning  of  their  involvement.  Among  the  activities 
which  the  project  has  been  directly  involved  in  are  the  following: 

IMPACT  MITIGATION  TASK  FORCES 

Formed  in  late  1977,  the  Mitigation  Task  Forces  in  Rio  Blanco  County  and 
Western  Garfield  County  remain  potent  mechanisms  for  managing 
socioeconomic  impacts.  In  fact,  the  Western  Garfield  County  task  force  was 
recently  expanded  to  include  the  entire  county.  In  Mesa  County  also,  a  task 
force  has  been  formed  with  some  of  the  same  objectives. 

These  task  forces  are  made  up  of  representatives  from  industry  and  local,  state 
and  county  government.  Although  the  scope  and  activities  of  the  task  forces 
vary,  their  major  focus  is  early  planning  and  action  before  large  scale  changes 
occur  in  the  area.  The  C-B  Project,  with  its  consultant  Pace  Quality 
Development  Associates,  Inc.,  was  instrumental  in  implementing  this  process. 
Representatives  from  the  C-B  Project  continue  to  attend  meetings  on  a  regular 
basis  with  the  Garfield  and  Rio  Blanco  County  Task  Forces.  A  technical 
consultant  is  provided  by  the  C-B  Project  to  assist  the  task  force  and  local 
government  with  growth  management  planning. 

NEEDS  ASSESSMENT  GUIDELINES 

As  part  of  the  technical  assistance  made  available  to  the  task  forces,  a 
workbook  was  prepared  with  guidelines  for  assembling  needs  assessments  and 
for  seeking  funding.  The  needs  assessments  were  prepared  by  local  citizen 
volunteers  working  with  these  materials  and  with  the  project's  consultants. 
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DEVELOPMENT  GUIDES 

Two  major  documents  produced  by  the  C-B  Project  were  a  development  guide 
for  Meeker  and  one  for  Rifle.  The  development  guides  provide  a  broad  range  of 
in-depth  information  on  all  aspects  of  the  communities.  This  information  is 
useful  for  planning  and  decision-making  on  the  part  of  any  interested  group  or 
individual  concerned  with  the  future  of  these  two  areas. 

SOCIOECONOMIC  MONITORING  PROGRAM 

In  July  1978,  the  C-B  Project  initiated  a  monitoring  program  which  collects  and 
publishes  information  containing  current  work  force  and  local  socioeconomic 
conditions  on  a  quarterly  basis.  These  reports  are  widely  distributed  to  public 
officials  and  other  interested  parties.  They  are  particularly  valuable  as  a 
corporate  and  public  planning  tool.  (See  Appendix  A) 

PLANNING  ASSISTANCE 

The  C-B  Project  provides  the  assistance  of  a  professional  planning  consultant  to 
local  public  agencies  and  groups  on  an  as  needed  basis.  This  professional 
assistance  has  been  called  upon  for  such  projects  as;  developing  a  recreation 
master  plan,  initiating  a  subsidized  housing  project  planning  a  hospital 
expansion  program,  financing  expanded  library  and  senior  citizen  programs  and 
preparing  numerous  grant  proposals. 

TRANSPORTATION 

Among  the  many  aspects  involved  in  competently  developing  a  project  are 
transportation  issues  and  decisions  that  have  multiple  consequences.  One  of  the 
major  initiatives  pursued  by  C-B  management  to  deal  with  these  problems  was 
provision  of  a  bus  service  for  employees  between  Meeker  and  Rifle  and  the 
tract.  This  service  was  initiated  early  in  April  of  1978  and  consists  of  six-47 
passenger  coaches  operating  24  hours,  seven  days  per  week,  from  Rifle  and 
Meeker.  Pickup  points  and  parking  are  provided  in  each  town  for  C-B 
employees,  contractors  and  contractor's  employees. 
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The  buses  save  fuel  because  of  the  number  of  passengers  carried,  aid  in 
reducing  road  kills  of  livestock  and  wildlife,  eliminate  excess  motor  traffic  on 
the  highways  (thereby  lessening  pollution),  provide  a  comfortable  ride  and  added 
safety  for  the  employee.  Twenty-five  to  thirty  of  these  buses  will  be  in 
operation  as  the  work  force  expands  to  commercialization.  The  C-B  Shale  Oil 
Project  also  has  assisted  Rio  Blanco  County  and  the  State  Highway  Department 
with  installation  of  magnetic  loop  road  counters  to  count  vehicle  traffic  on 
Piceance  Creek  Road. 

Other  transportation  matters  have  been  investigated  such  as  how  to  minimize 
road  wildlife  kills  and  automobile  accidents,  plus  the  possibility  for  using  rail 
and  pipeline  services  to  move  the  shale  oil. 

HOUSING 

An  essential  element  related  to  the  C-B  Project  is  the  provision  of  housing.  In 
any  rapid  growth  area  housing  demand  is  high.  To  deal  with  this  problem,  the 
C-B  Project  has  taken  several  steps. 

A  40-unit  apartment  complex  has  been  established  in  Rifle  and  a  48-unit 
complex  has  been  provided  in  Meeker.  The  units  have  hot  water  heat,  two 
bedrooms  and  are  furnished  with  refrigerator,  dishwasher  and  stove.  The 
grounds  are  completly  landscaped,  and  have  paved  parking  areas.  A  two-year 
lease  agreement  was  signed  with  the  builder  to  facilitate  construction  and 
permanent  financing. 

In  addition,  a  mobile  home  park  was  prepared  in  Rifle.  The  park  has  103  spaces 
expandable  to  300  spaces  and  can  accommodate  single  and  double-wide  mobile 
homes  as  well  as  campers  and  recreational  vehicles.  Underground  utilities, 
laundry  facilities  and  recreational  areas  are  provided.  This  property  is  owned 
by  the  sponsors. 

Prior  to  this  activity,  a  detailed  housing  analysis  was  prepared  for  C-B 
management  to  assist  them  in  their  short  and  long-range  housing  plans.    As  a 
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part  of  the  housing  program,  C-B  personnel  have  worked  closely  with  the  cities 
of  Meeker  and  Rifle  to  assure  that  any  housing  developed  under  their  auspices 
or  sponsorship  conforms  with  local  zoning  regulations  and  housing  standards. 

Additional  efforts  have  involved  assistance  by  staff  personnel  or  its  consultants 
in  obtaining  elderly  housing  and  in  dealing  with  many  of  the  planning  issues 
related  to  housing  demand  and  supply. 

HEALTH  AND  HUMAN  SERVICES 

A  constant  concern  of  the  Project  is  the  health  and  safety  of  its  employees, 
their  families  and  the  residents  of  the  local  communities.  Considerable  effort 
has  gone  into  programs  dealing  with  health  and  human  services  both  for 
employees  and  the  communities. 

The  C-B  Project  has  provided  information  necessary  for  planning  health 
services  in  both  Garfield  and  Rio  Blanco  Counties.  Additionally,  direct  planning 
assistance  has  been  provided  the  Grand  River  Hospital  District,  Clagett 
Hospital  and  the  E.  Dene  Moore  Nursing  Home.  A  planning  guide  and  plan  is 
being  developed  for  the  district. 

A  study  was  made  of  the  social  impacts  experienced  to  date  and  what  might  be 
expected  in  the  future  for  the  oil  shale  area.  The  report  was  prepared  in 
conjunction  with  a  citizen's  group  from  the  Rifle  area.  Included  in  it  are 
recommendations  for  forming  a  human  services  task  force,  a  guide  to  available 
services  in  the  area,  an  assessment  of  social  issues  in  high  growth  communities 
and  an  explanation  of  what  problems  may  be  generated. 

The  guide,  in  particular,  will  assist  new  residents  in  identifying  services 
available  as  well  as  locating  those  services.  The  C-B  Project  also  has  provided 
funds  for  specific  programs.  Included  among  the  recipients  was  the  Garfield 
County  Youth  Program  and  local  television  viewers  who  watched  the 
presentation  of  "The  Years  Ahead",  a  documentary  about  elderly  persons  in 
Western  Colorado.  The  presentation  was  co-sponsored  by  the  C-B  Project. 
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EMPLOYMENT 

The  C-B  Project  advertises  locally  through  the  newspapers  and  Job  Services  of 
Colorado  Offices  to  fill  positions  at  the  C-B  Tract.  First  consideration  is  given 
to  local  persons  with  requisite  skills. 

Personnel  with  the  C-B  Project  work  closely  with  CETA  Programs  and  others  to 
provide  a  full  range  of  opportunities  where  applicable  skills  are  available. 

EDUCATION 

Educational  programs  are  conducted  for  both  employees  and  community 
members  who  may  someday  seek  employment  with  the  project. 

In  addition  to  the  training  programs  discussed  in  the  following  section,  tuition  is 
paid  for  courses  leading  toward  a  degree  or  providing  skills  relevant  to  the 
employees1  job. 

TRAINING  PROGRAM 

The  C-B  Project  has  a  full  time  training  staff  and  plans  to  expand  that  group  as 
called  for  by  employment  requirements.  Because  of  the  desire  to  hire  locally 
and  the  need  to  develop  a  large  work  force,  training  will  play  a  critical  role  in 
the  future  of  the  project.  Training  will  be  provided  in  all  phases  of  project 
operations  from  safety  and  basic  job  skills  to  managerial  preparation.  The  C-B 
Project  also  has  assisted  Colorado  Mountain  College  and  Mesa  College  in  the 
establishment  of  vocational  courses  in  the  area  of  diesel  mechanics,  mine 
electricity  and  other  subjects  relevant  to  the  mining  industry. 
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PROJECT  SUPPORTED  MITIGATION  PROGRAM 

A  continued  active  role  in  the  mitigation  of  socioeconomic  impacts  is 
anticipated  by  the  project.  This  mitigation  program  will  consist  of  two  parts; 
the  first  being  activities  to  support  and  strengthen  the  role  of  local 
governments,  and  the  second  being  direct  actions  taken  by  the  project. 

To  assist  local  government,  Cathedral  Bluffs  will  continue  to  provide  current 
information  concerning  all  aspects  of  the  project.  This  information  will  include 
the  full  range  of  work  force  data  and  information  as  is  now  made  available 
through  the  project  socioeconomic  monitoring  reports.  (See  Appendix  A) 

Technical  assistance  for  local  government  planning  and  development  activities 
will  also  continue.  Catherdral  Bluffs  has  contributed  specialized  expertise 
when  necessary  to  local  government  agencies  to  help  them  solve  specific 
problems.  This  type  of  assistance  is  most  valuable  in  rural  areas  where  local 
government  staffs  are  small  and  without  experience  in  dealing  with  many  of  the 
problems  of  rapid  growth.  Cathedral  Bluffs  realizes  that  this  type  of  skilled 
technical  assistance  can  avoid  costly  mistakes  or  delays  in  public  sector 
projects;  projects  which  are  important  to  the  living  environment  of  its 
employees. 

Direct  activities  to  be  undertaken  by  the  C-B  Project  to  alleviate 
socioeconomic  effects  will  include  comprehensive  programs  for  work 
recruitment,  training,  housing  and  transportation.  The  recruitment  and  training 
programs  will  be  structured  to  hire  as  many  local  residents  as  possible  to  reduce 
the  influx  of  persons  to  the  area.  Given  the  short  supply  of  labor  available 
locally,  however,  C-B  realizes  that  much  of  the  labor  will  have  to  be  brought  in 
from  other  areas.  The  recruitment  program  will  include  screening  techniques 
to  identify  those  persons  compatible  with  the  working  environment,  thus 
reducing  the  potential  for  turnover. 

A  comprehensive  training  program  will  be  available  to  all  employees  which  will 
allow  local  residents  a  better  entry  to  employment  opportunities  with  the 
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project.  The  training  program  will  also  enable  some  construction  workers  to 
make  the  transition  to  permanent  employees,  reducing  the  overall  demand  for 
labor. 

The  busing  program  which  is  now  in  operation,  will  be  expanded  as  the  work 
force  expands.  Busing  all  project  employees  from  their  community  of  residence 
to  the  C-B  site  will  greatly  reduce  the  traffic  load  on  local  roadways;  reducing 
maintenance  costs,  as  well  as  potential  danger  to  human  and  animal  lives. 

C-B  also  plans  to  undertake  a  housing  program,  which  will  have  the  goal  to 
providing  an  adequate  and  affordable  housing  unit  to  all  project  employees.  The 
housing  program  will  also  address  the  housing  needs  of  the  local  service  work 
force  generated  by  the  C-B  Project.  Housing  provided  by  the  project,  will  be 
located  in  existing  communities  and  will  provide  for  a  mix  of  housing  types  and 
price  ranges.  Housing  development  will  conform  to  the  comprehensive  planning 
guidelines  established  locally. 

Some  housing  will  be  provided  on  a  temporary  basis  to  alleviate  the  temporary 
demands  of  project  construction.  A  worker  housing  camp  is  anticipated  at  or 
near  the  project  site  to  accommodate  "single-status"  construction  workers,  thus 
alleviating  the  burden  of  housing  these  workers  in  existing  communities. 

These  measures  should  serve  to  minimize  many  of  the  negative  socioeconomic 
effects  generally  associated  with  a  large  industrial  project  located  in  a  rural 
area.  The  C-B  Project  will  remain  committed  to  working  closely  with  local 
government  officials  to  mitigate  socioeconomic  problems  as  they  arise. 
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SUMMARY  ' 

The  C-B  Work  Force 

On  July  15,  1980  451  persons  were  employed  at  the  Cathedral  Bluffs 
site.  Most  of  these  workers  continue  to  live  in  Rifle  and  Meeker  full 
time.  The  percentage  of  new  residents  to  the  communities  has  increased 
over  the  last  year  for  most  local  communities.  The  majority  of  the  workers 
either  live  in  houses  or  apartments,  although  60  percent  of  those  living 
in  apartments  would  prefer  to  live  in  houses.  The  median  cost  of  owning 
a  home  was  $400,  median  cost  renting  a  house  was  $200,  median  cost  of 
renting  an  apartment  was  $265,  and  median  cost  of  living  in  a  mobile  home 
was  $185. 

Ninety  percent  of  the  work  force  were  males.  The  median  age  remains  at 
29  years.  Less  than  half  of  the  employees  are  married  living  with  their 
families.  The  average  family  size  of  all  married  workers  was  3.4  persons. 

The  Communities 

The  effects  of  a  recessionary  period  is  evident  in  the  downturn  of  con- 
struction activity.  When  compared  to  the  first  half  of  1979  building  permits 
issued  dropped  in  Meeker  and  Rifle  in  1980.  The  median  sales  price  of  homes 
in  Meeker  was  $58,400  and  $59,500  in  Rifle. 

From  January  to  June  1980  reports  of  criminal  acts  increased  113  percent 
in  Meeker  and  29  percent  in  Rifle  when  compared  to  1979. 

Hospital  admissions  in  Meeker  increased  55  percent  in  Meeker,  but  decreased 
in  Rifle  when,  compared  to  admissions  for  the  same  period  in  1979. 
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School  enrollment  in  June  1980  increased  from  June  1979  to  June  1980  both 
in  Meeker  and  Rifle  about  eight  percent. 

The  unemployment  rate  is  increasing  in  both  Rio  Blanco  and  Garfield  counties 
Although  the  unemployment  rate  in  Rio  Blanco  county  is  below  the  state 
rate,  Garfield's  unemployment  rate  remains  higher  than  the  state. 

Commercial  bank  deposits  have  increased  in  Rifle,  but  decreased  in  Meeker 
since  the  first  of  the  year.  First  quarter  retail  sales  increased  four 
percent  in  Meeker  and  18  percent  in  Rifle  over  retail  sales  for  the  same 
period  in  1979.  Average  individual  adjusted  gross  income  increased  11  per- 
cent in  Garfield  County  and  14  percent  in  Rio  Blanco  County. 
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*  *  INTRODUCTION 

This  is  the  eighth  monitoring  report  issued  by  the  Cathedral  Bluffs 
Shale  Oil  Company.  The  purpose  of  the  report  is  to  provide  local  communi- 
ties with  selected  information  on  the  C-B  project  work  force,  as  well  as 
data  on  changing  socioeconomic  conditions. 

The  work  force  data  presented  in  this  report  reflects  current 
conditions  as  of  July  15,  1980.  The  information  on  the  work  force  was 
collected  through  a  questionnaire  completed  by  employees  when  they 
started  work  at  the  Cathedral  Bluffs  site.  Completed  surveys  are  available 
from  86  percent  of  the  current  work  force.  The  surveys  were  coded  and 
analyzed  through  a  computerized  data  base  management  system. 

The  socioeconomic  data  is  collected  from  various  community  agencies 
0        in  Rifle  and  Meeker.  The  data  is  tabulated  whenever  possible  for  the 

first  half  of  1980.  Comparisons  are  made  with  data  from  previous  years. 
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I.  THE  CATHEDRAL  BLUFFS  WORK  FORCE 

As  of  July  15,  1980  there  were  451  persons  employed  at  the  Cathedral 
Bluffs  site.  The  total  work  force  increased  by  65  employees  since 
April,  with  a  total  increase  of  145  for  the  year.  The  number  of  employees 
is  about  at  the  level  projected  for  the  year.  A  total  of  110,  or  24  percent, 
of  the  employees  at  the  site  are  considered  permanent,  while  the  other 
76  percent  hold  contract  or  temporary  jobs  at  the  site.  Figure  A  reflects 
how  the  actual  work  force  compares  with  the  manpower  projections. 

A.   Housing 

.  1.   Location 
Rifle  remains  the  community  where  most  of  the  workers  reside.  The 
percentage  of  workers  residing  in  Meeker  and  Silt  has  remained 
about  the  same.  The  percentage  of  workers  residing  in  Glenwood 
Springs  has  increased  about  2  percent.  Table  I  shows  the  place  of 
residence  of  all  workers  surveyed  as  of  July  1980  and  compares 
those  figures  with  percentages  from  previous  reports. 
At  least  90  percent  of  the  workers  residing  in  all  the  communities 
live  there  full  time.  The  percentage  of  workers  residing  full  time 
in  Rifle  increased  2  percent  since  the  last  monitoring  report.  The 
percentage  of  workers  residing  full  time  in  Meeker  decreased  by  3 
percent  since  April.  Table  II  shows  the  percent  of  those  surveyed 
who  reside  in  each  community  full  time  or  on  week  days  only. 
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TABLE 

I 

PLACE  OF  RESIDENCE 

Percentage  of 
Workers  Surveyed 
Residing  There 
July  1979 
(N  =  196) 

Percentage  of 
Workers  Surveyed 
Residing  There 
January  1980 
(N  =  256) 

Percentage  of 
Workers  Surveyed 
Residing  There 
July  1980 
(N  =  389) 

Rifle 

58 

63 

61 

Meeker 

12 

11 

12 

Silt 

7 

5 

6 

Grand  Junction  Area 

7 

9 

7 

Glenwood  Springs 

1 

1 

3 

New  Castle 

4 

2 

2 

Parachute 

3 

2 

2 

Rangely 

1 

1 

1 

Other  West  Slope 

1 

1 

1 

Piceance  Creek 

0 

1 

0 

Other  Colorado 

0 

0 

1 

Outside  Colorado 

1 

1 

1 

Unknown 

5 

3 

3 

Total 

100 

100 

100 
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TABLE  II 

PERCENTAGE  OF  WORKERS  RESIDING  IN  COMMUNITIES 

FULL  TIME  OR  WEEK  DAYS  ONLY 

July  1980 


♦ 


Community 

Percent  Residi 
Community  Full 

ng 
Ti 

in 

me 

Percent  Resi 
Community  Week 

iding  in 
Days  Only 

Rifle 

92 

8 

100% 

Meeker 

90 

10 

100% 

Silt 

96 

4 

100% 

Grand  Junction 

100 

0 

100% 

Total  Work 

Force 

92 

8 

100% 
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2.  Length  of  Residence 

The  percentage  of  workers  who  have  resided  in  their  current  home  less 
than  a  year  has  Increased  in  most  communities  since  the  last  monitoring 
report,  although  the  number  of  short-term  residents  decreased  in 
Grand  Junction  and  Parachute.  Table  III  shows  the  percentage  of 
employees  in  each  community  according  to  the  length  of  their  residence. 

3.  Type 

In  most  communities  there  was  no  significant  change  in  the  percentage 
of  workers  living  in  the  various  types  of  housing.  Although  there 
was  a  10  percent  increase  in  workers  who  owned  houses  in  Grand  Junction 
since  the  last  monitoring  report  the  largest  percentage  of  the  workers 
in  Rifle  and  Meeker  live  in  apartments.  Table  IV  lists,  by  community, 
the  types  of  housing  in  which  the  work  force  lives. 

4.  Preference 

When  asked  to  state  what  type  of  residence  they  preferred  living  in 
the  majority  of  the  workers  indicated  single  family  housing.  Table  V 
shows  the  housing  preferences  for  those  workers  who  expressed  a 
housing  preference.  These  percentages  have  not  changed  significantly 
during  the  last  year. 

When  the  response  to  the  question  on  housing  preference  is  compared 
to  actual  types  of  housing  in  which  workers  live,  those  who  live 
in  single  family  housing  and  mobile  homes  are  least  likely  to  desire 
other  types  of  housing.  Most  of  those  living  in  apartments,  motels, 
recreational  vehicles,  and  townhouses  would  prefer  some  other  type 
of  housing.  These  percentages  have  not  changed  significantly  since 
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the  last  monitoring  report.  The  April  1980  monitoring  report  in- 
correctly showed  that  55  percent  of  the  total  work  force  preferred 
apartments.  The  correct  figure  should  be  5  percent.  Table  VI 
shows  this  information  in  more  detail. 

TABLE  IV 

PERCENT  OF  WORK  FORCE  RESIDING  FULL  TIME 
IN  VARIOUS  TYPES  OF  HOUSING 
July  1980 


Community 

Own 
House 

Rent 
House 

Own 

Mobile 

Home 

Rent 
Mobile 
"Home 

Apartment 

and 
Townhouse 

RV 

Motel 

Rifle 

18 

15 

12 

6 

36 

5 

8 

Meeker 

22 

12 

2 

0 

57 

2 

5 

Silt 

28 

38 

14 

10 

5 

0 

5 

Parachute 

43 

29 

14 

0 

14 

0 

0 

Grand  Junction 

50 

25 

17 

0 

8 

0 

0 

Total  Work 

Force  23 

18 

12 

7 

32 

3 

5 

5.   Cost 

The  median  cost  of  owning  a  home  for  the  C-B  workers  has  increased 
since  Junuary  1980.  The  median  monthly  cost  for  workers  who  owned 
their  own  homes  was  $400;  in  Rifle  the  median  cost  was  $450  and 
$365  in  Meeker.  The  median  cost  for  those  who  rented  houses  was 
$200  both  in  Rifle  and  Meeker.  Table  VII  shows  median  cost  for 
various  types  of  housing  in  July. 
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TABLE  V 

PERCENTAGE  OF  WORKERS  BY  COMMUNITY 

SHOWING  HOUSING  PREFERENCE 

July  1980 


Community 

House 

Mobile 

Home 

Apartment 

Rifle 

74 

10 

16 

Meeker 

76 

0 

24 

Silt 

92 

0 

8 

Parachute 

100 

0 

0 

Grand  Junction 

80 

10 

10 

Total  Work 

Force 

77 

8 

15 

TABLE  VI 

PERCENTAGE  OF  WORKERS  LIVING  IN  VARIOUS 

HOUSING  TYPE  AND  DESIRING  CHANGE 

July  1980 


Housing  Type 

Total 
Percentage 
Desiring 
Changes 

Percentage 
Preferring 
Apartments 

Percentage 

Preferring 

Houses 

Percentage 

Preferring 

Mobile  Homes 

Apartment 

65 

* 

60 

5 

House 

5 

4 

* 

1 

Mobile  Home 

49 

*• 

49 

• 

Motel 

90 

19 

71 

* 

RV 

78 

21 

43 

14 

Townhouse 

85 

8 

77 

* 

Total 

44 

5 

36 

3 

*Percentage  is  not  shown  here  since  numbers  may  indicate 
no  preference,  no  response,  or  same  type  of  housing  preference. 
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TABLE  VII 

MEDIAN  MONTHLY  COST  OF  HOUSING  TO  THE  C-B  WORK  FORCE 

July  1980 


( 


Type 


Median  Cost      Median  Cost 

Total  Work  Force  Total  Work  Force 

July  1979       July  1980 


Own  House 

280 

Rent  House 

225 

Mobile  Home 

165 

Apartment 

250 

RV 

- 

Townhouse 

. 

400 
200 
185 
265 
100 
325 


Median  Cost 

Rifle 
July  1980 

Meidan  Cost 

Meeker 

July  1980 

450 

365 

200 

200 

175 

150 

265 

275 

50 

100 

325 

250 

B.      Age,  Sex,  Marital  Status,  and  Family  Size 

1.  Age 

The  median  age  of  the  work  force  has  remained  at  29  years.  Median 
age  of  workers  in  Rifle  was  28  and  in  Meeker  it  was  29. 

2.  Sex 

Ninety  percent  of  the  current  work  force  is  male;  10  percent  is 
female.  This  shows  a  3  percent  increase  in  the  number  of  female 
employees  since  January  1980. 

3.  Marital  Status 


The  marital  status  of  the  work  force  has  continued  to  show  that  less 
than  half  of  the  work  force  are  married  workers  living  with  their 
families.  Table  IX  shows  the  percentage  of  workers  by  community 
according  to  marital  status. 
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TABLE  VIII 

MEDIAN  AGE  BY  COMMUNITY 
July  1980 


Communi  ty 


Median  Age 


Rifle 

Meeker 

Silt 

Grand  Junction  Area 

Parachute 

Total  Work  Force 


28 
29 
35 
30 
30 
29 


TABLE  IX 

MARITAL  STATUS  OF  WORK  FORCE 
July  1980 


Community 

Percent  Married 

and  Living  With 

Family 

Percent  Married 
But  Not  Living  With 
Family  Full -Time 

Percent 
Single 

Rifle 

45 

20 

35 

Meeker 

44 

8 

48 

Silt 

48 

9 

43 

Grand  Junction 

Area 

57 

4 

11 

Parachute 

75 

0 

25 

Total  Work 

Force 

47 

16 

37 
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4.   Family  Size 

The  average  family  size  of  all  married  workers  in  July  1980  was  3.4 
persons.  Table  X  shows  the  average  family  size  of  all  married  workers 
according  to  community. 


TABLE  X 

AVERAGE  FAMILY  SIZE  OF  MARRIED  WORKERS*  BY  COMMUNITY 

July  1980 


Community 

Rifle 

Meeker 

Silt  3.8  m 

Grand  Junction  Area 

Parachute 

Total  Work  Force 


*These  figures  include  workers  who  do  not  have  families 
living  with  them  full  time. 


The  192  employees  that  are  new  to  the  communities  (having  lived  there 
less  than  a  year)  brought  with  them  a  total  of  43  preschool,  30  elemen- 
tary, 5  junior  high  and  5  senior  high  children.  Table  XI  indicates 
the  number  of  children  brought  into  local  communities  by  workers  who 
are  short  term  residents. 


Average 
Family  Size 

3.3 

3.5 

3.8 

3.6 

4.7 

3.4 
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TABLE  XI 

NUMBER  OF  SCHOOL  AGE  CHILDREN  LIVING  WITH  NEW*  FAMILIES 

July  1980 


Community 

Preschool 

El ementary 

Junior 

Senior 

Rifle 

34 

19 

2 

3 

Meeker 

3 

2 

0 

1 

Silt 

1 

2 

1 

1 

Grand  Junction 

2 

5 

0 

0 

Parachute 

0 

1 

1 

0 

Total  Work 

Force** 

43 

30 

5 

5 

*New  families  are  defined  as  those  living  in  the  local  area 

less  than  one  year. 
**Total  includes  children  living  in  communities  not  mentioned  above. 


Workers  in  Rifle,  Meeker  and  Silt  indicate  they  are  planning  on  moving 
their  families  into  the  community  in  the  near  future.  Employees  in 
Rifle  indicated  they  will  move  in  seventeen  preschool  children,  twenty- 
three  elementary  children,  six  junior  high  children  and  one  senior 
high  child.  Data  for  other  communities  is  presented  in  Table  XII. 
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TABLE  XII 

NUMBER  OF  SCHOOL  AGE  CHILDREN  PLANNING 
TO  MOVE  TO  LOCAL  COMMUNITIES 
July  1980 


Community 

Preschool 

Elementary 

Junior 

Senior 

Rifle 

17 

23 

6 

1 

Meeker 

1 

5 

0 

1 

Silt 

0 

2 

0 

0 

Grand  Junction 

0 

0 

0 

0 

Parachute 

0 

0 

0 

0 

Total  Work 

Force 

18 

30 

6 

2 

C.   Recreational  Activities 

Fishing,  hunting,  skiing,  and  camping  continue  to  be  the  most  popular 
recreational  activities  of  the  work  force.  Table  XIII  shows  the 
percentage  of  workers  who  indicated  a  preference  for  the  most  popular 
recreation  activities. 


f 


-16- 


+ 


* 


« 


TABLE  XIII 

RECREATIONAL  PREFERENCE  OF  WORKERS  SURVEYED 
July  1980 


Activity 

Percent  Responding* 
of  Total  Work.  Force 

Precent  Responding* 
in  Meeker 

Percent  Responding* 
in  Rifle 

Fishing 

41 

35 

44 

Hunting 

34 

25 

36 

Skiing 

14 

15 

16 

Camping 

13 

19 

13 

Swimming 

6 

10 

5 

Golf 

5 

12 

5 

Tennis 

5 

8 

5 

Horseback 

Riding 

2 

6 

2 

AT  1 ' Sports 

8 

10 

11 

*Percentage  does  not  total  to  100  due  to  multiple  response. 
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II.  THE  COMMUNITIES 

A.   Housing 

T.   Meeker 

A  substantial  number  of  subdivision  lots  continue  to  be  available  in 

Meeker  for  new  home  construction.  Six  new  small  subdivisions  have  been 

submitted  for  approval  during  the  first  half  of  1980.  Table  XIV  is 

a  listing  of  subdivisions  under  development  in  Meeker  with  the  number 

and  type  of  lots  available  in  each  subdivision.  Sanderson  Hills 

is  still  the  largest  subdivision  under  development. 

Housing  sales  during  the  first  half  of  1980  decreased  significantly 
according  to  information  provided  by  the  Rio  Blanco  County  Assessor's 
office.  The  median  price  of  a  new  single  family  house  was  $58,400, 
while  for  an  older  home  it  was  $53,800.  Table  XV  compares  median 
housing  sales  figures  in  Meeker  for  the  first  half  of  1979  and  1980. 

A  total  of  28  building  permits  were  issued  in  Meeker  with  a  total 
valuation  of  $494,837  for  the  first  half  of  1980.  Only  two  of  these 
permits  were  for  single  family  residences.  This  is  a  drop  from  the 
six  permits  issued  from  January  to  June  1979. 

Available  rental  housing  continues  to  remain  scarce.  In  a  given 
week  the  Meeker  Herald  advertises  an  average  of  one  or  two 
apartments  or  homes  for  rent.  Apartments  recently  rented  in  Meeker 
have  ranged  from  $300  to  $525  for  a  3  bedroom  apartment. 
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TABLE  XIV 
MEEKER  SUBDIVISIONS  UNDER  DEVELOPMENT 


Development 


General  Location 


Number  and  Type  of  Units 


Sanderson  Hills   N.  Meeker 


♦ 


Foothills 

Saqe  Park 

Piny on  Park 

White  River 

Farms 

Purple  Saqe 

Mesa  View  II 

Saqe  Hills 
Warner  Points  I 

Warner  Points  II 
River  Bend 

El  Escondido 


N.W.  Meeker 

N.W.  Meeker 

N.W.  Meeker 

N.E.  Meeker 


N.  10  miles 
Strawberry  Creek 

S.  of  Meeker 
1  mile 

N.  Meeker 

E.  of  Meeker 
10  miles  up 
White  River 

Same  as  Warner 
Points  I 

E.  of  Meeker 
Across  from  Warner 
Points 

N.  of  Meeker 
(Possibility  of 
annexation) 


209  single  family  lots 
140  duplex  and  four-plex  lots 
Apartments,  commercial,  school  and 
park  land 

(27  units  are  completed  and  sold, 
7  more  units  under  construction 
and  sold) 

15  single  family  lots 
3  four-plexes  lots 
1  six-plex  lot 

15  single  family  lots  (5  completed) 
42  duplex  units 

22  single  family  lots 

Preliminary  plans  have  been  submitted 
for  this  subdivision.     Full  scale 
development  for  this  Planned  Unit 
development  would  include  1,482 
single-family  homes,  1,048  town  house 
936  duplexes,  603  apartments  and  819 
mobile  home  pads.     The  developer  would 
like  to  begin  in  Spring  1981   to  develop 
mobile  home  park  along  with  some 
apartments. 

3  single  family  lots 


13  single  family  lots 

111  single  family  lots 

Summer  homes  only  on  White  River 
about  15  miles  from  Meeker 
3  single  family  lots 

3  single  family  lots 

4  single  family  lots 


8  single  family  lots 
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TABLE  XV 

HOUSING  SALES  IN  MEEKER 
1979-1980 


January-June 
1979 

July-December 
1979 

January-June 
1980 

Single-Family  Housing  (New) 
Number  Sold 
Median  Sales  Price 

9 
$50,200 

5 
$58,300 

8 
$58,400 

Single-Family  Housing  (Older) 
Number  Sold 
Median  Sales  Price 

37 

$49,000 

39 

$50,000 

27 

$53,800 

Total  Single-Family  Housing 
Number  Sold 
Median  Sales  Price 

46 
$49,100 

44 
$53,500 

35 
$58,400 

2.   Rifle 

Currently  many  residential  subdivisions  in  Rifle  are  proposed  for 
development.  Table  XVI  lists  the  subdivisions  under  development 
in  Rifle  and  a  description  of  the  development  status. 

The  Comprehensive  Plan  for  Rifle  is  scheduled  for  completion  in 
September. 

During  the  first  half  of  1980  building  permits  declined  7  percent 
when  compared  to  the  first  half  of  1979.  There  was  a  significant 
increase  in  the  number  of  building  permits  issued  for  townhouse 
units.  Table  XVII  compares  building  permits  issued  from  January 
through  June  for  1978,  1979  and  1980. 


f 


-20- 


TABLE  XVI 
RIFLE  SUBDIVISIONS 


Development 


General 
Location 


Number  and 
Type  of  Units 


Status 


m 


Rifle  Area 

Palomino  Park 

N.  Rifle 

Phase  I 

30  Apartment  Units 
29  Single  Family  Lots 

Phase  II 

15  Single  Family  Lots 
70  Apartment  Units 
20  Townhouses 

Phase  III 

44  Single  Family  Lots 

Phase  IV 

47  Single  Family  Lots 
20  Apartment  Units 

Phase  V 

42  Apartment  Units 

Highlands  East 

E.  Rifle 

Phase  I 

37  Single  Family  Lots 
10  Apartment  Units 

Phase  II 

5  Single  Family  Lots 
4  Apartment  Units 

Phase  III 

16  Single  Family  Lots 

Phase  IV 

36  Single  Family  Lots 
64  Apartment  Units 

Phase  V 

60  Single  Family  Lots 

Phase  VI 

77  Single  Family  Lots 
(Cluster  Homes) 

Pase  VII 

65  Single  Family  Lots 

Arabian  Heights 

N.E.  Rifle 

Phase  I  &  II 

27  Single  Family  Lots 

Phase  III 

187  Single  Family  Lots 

31  Duplexes 

Completed 
Completed 

14  Completed 

40  Completed 

4  Completed 


18  Completed 


0  Completed 
Plats  withdrawn 

Plats  withdrawn 


Completed 
Completed 

1  Completed 
0  Completed 

60%  Completed 

30%  Completed 

10%  Completed 

Final  plat 
approved 

Sketch  plan 
submitted 


20%  Completed 

Sketch  plan 

approved 
Sketch  plan 

approved 
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Development 


General 
Location 


Number  and 
Type  of  Units 


Status 


Rifle  Area  (Continued) 

Xings  Crown  Mobile   N.W.  Rifle 
Home  Subdivision 

Phase  I 


Phase  II 


Shadow  Ridge 


Rimrock 
Phase  I 


North  Meadows 


Rifle  Heights 


W.  Rifle 


Cottonwood  Meadows      W.  Rifle 


N.  Rifle 


Phase  II 
Mesa  View  Estates        S.W.  Rifle 
Phase  I 
Phase  II 

Knollridge  P.U.D.         N.W.  Rifle 


N.  Rifle 


E.  Rifle 


Mahogany  Additon    S.  Rifle 

Trapper  Hollow      W.  Rifle 
P.U.D. 


103  Mobile  Home  Spaces 


189  Mobile  Home  Spaces 


27  Single  Family  Lots 
10  Duplexes 
46  Townhouses 
20  Condominiums 

250  -  400  Units, 
mixed  residential 


288  Condominiums 
240  Apartments 
223  Single  Family  Lots 
100  Multi -Family 
(Duplexes  and  Four-Plexes) 

Revising  initial  concepts 


34  Single  Family  Lots 
10  Single  Family  Lots 


34  Single  Family  Lots 

52  Duplexes 
100  Townhouses 
168  Multi -Family  Apartments 

250  Multi -Family 


100  Single  Family 

48  Multi -Family  Units 
28  Condominium  Units 
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75  percent 
occupied 

Approved  but  not 
yet  under 
construction 

Final  plat 
stage 


Sketch  plan 
lapsed 


Sketch  plan 
stage 


No  action 


90%  Completed 

Preliminary  plat 
stage 

Preliminary  plat 
approved 


Sketch  plan 
approved 

Sketch  plan 
lapsed 

0  Completed 

0  Completed 


9 


( 


f 


# 


Development 


General 
Location 


Rifle  Area  (Continued) 
Barnett  P.U.D.  W.  Rifle 


Number  and 
Type  of  Units 


20  Condominium  Units 


Carmack  Mobile  Home    N.  Rifle        300  Mobile  Home  Lots 
Subdivision  40  Multi-Family  Units 


Creek  Meadows 


Fairview  Addition 


Jackson  Heights 
(Senior  Citizen 
and  subsidized 
housing) 


N.  Rifle        152  Multi -Family  Units 


20  Condominiums 


W.  Rifle     8  Single  Family  Lots 
25  Condominiums 
16  Cluster  houses 


Status 


Final  Plat 
approved 

Sketch  plat 
approved 

Preliminary  plat 
approved 

Sketch  plan 
approved 

Sketch  plan 
approved 
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TABLE  XVII 
BUILDING  PERMITS  ISSUED  IN  RIFLE 


Jan-Jun 
1978 

Jul -Dec 
1978 

Jan-Jun 
1977 

Jul -Dec 
1979 

Jan-Jun 
1980 

Single  Family  Homes 

34 

36 

54 

44 

50 

Town  Houses 

4 

0 

0 

9 

12 

Seven-plex  Units 

0 

0 

0 

0 

1 

Four-plex  Units 

4 

9 

1 

5 

2 

Duplex  Units 

9 

3 

6 

6 

1 

Commercial  Buildings 

• 

• 

* 

• 

4 

Mobile  Home  Permits 

* 

* 

* 

* 

68 

Total  Permits 

* 

* 

* 

* 

188 

Valuation 

* 

* 

* 

* 

$5,493,615 

*Data  not  available  in  previous  reports 

On  the  average  3-4  rental  units  were  advertised  each  week  in  the 
Rifle  Telegram.  Rental  rates  for  two  and  three  bedroom  houses 
ranged  between  $300  and  $375.  Apartments  rented  for  $250-$375 
per  month.  New  town  houses  rented  for  $400- $440  per  month. 

During  the  first  6  months  of  1980  44  homes  were  sold.  This  is  a 
69  percent  increase  over  the  number  of  homes  sold  during  the  same 
period  of  time  last  year.  Twenty-nine  of  these  were  older  homes, 
fifteen  were  new  homes.  The  median  sales  price  of  all  the  homes 
sold  was  $59,500.  The  median  sales  price  for  new  homes  sold  was 
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$69,900  and  for  older  homes  $55,000.  The  volume  of  home  sales  and 
the  median  sales  price  are  shown  in  Table  XVIII.  These  figures  demon- 
strated a  continued  rapid  increase  in  the  price  of  housing  in  Rifle, 
especially  newly  constructed  housing. 


TABLE  XVIII 

HOUSING  SALES  IN  RIFLE 
January-June  1979,  1980 


January-June 
1979 

January-June 
1980 

Single  Family  Housing  (New) 
Number  Sold 
Median  Sales  Price 

15 
$62,500 

15 
$69,900 

Single-Family  Housing  (Older) 
Number  Sold 
Median  Sales  Price 

11 

$50,000 

29 

$55,000 

Total  Single  Family  Housing 
Number  Sold 
Median  Sales  Price 

26 
$58,000 

44 
$59,500 

B.   Law  Enforcement  and  Fire  Protection 
1 .   Meeker 

Through  most  of  1980  the  Meeker  Police  Department  has  been  short- 
handed  with  only  four  officers  for  four  months.  Crime  reports  this 
year  have  increased  113  percent  over  reports  for  the  first  half  of 
1979.  Fraud  and  distrubance  show  the  greatest  increase  in  reports. 
The  category  of  disturbance  includes  reports  of  disorderly  conduct 
littering,  harrassment,  and  prowlers.  Table  XIX  lists  selected 
crimes  reported  in  Meeker  for  the  first  half  of  1979  and  1980.  _ 
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TABLE  XIX 

MEEKER  LAW  ENFORCEMENT  DATA 
January-June  1979-1980 


Selected  Crimes 

Reported 

January-June 
1979 

January-June 
1980 

1979-19803 
Percent  Increase 

Assault 

6 

4 

(-33) 

Burglary 

9 

7 

(-22) 

Theft 

46 

46 

0 

Vandalism 

33 

47 

42 

Sex  Offenses 

0 

0 

0 

Narcotics/Drugs 

2 
DUI/DWI 

2 

4 

100 

8 

6 

(-25) 

Disturbance 

18 

73 

305 

Fraud 

5 

29 

480 

Runaway 

4 

6 

50 

Total  Reports 

155 

330 

113 

Number  of  Officers 

5 

4 
5 

-  Jan-April 

-  May- June 

- 

All  crimes  reported  are  not  included  in  this  report. 
2 

Driving  under  the  influence,  driving  while  intoxicated. 
3 

Calculated  using  a  six  month  base. 

Source:  Meeker  Police  Department 
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Meeker  volunteer  fire  department  responded  to  14  fire  calls  and 
52  ambulance  calls  during  the  first  half  of  1980.  This  compares 
to  21  fire  calls  from  January  to  June  1980.  Currently  there  are  30 
volunteer  fireman,  of  which  seven  are  ambulance  drivers  (EMT's). 
Meeker  recently  received  a  250  GPM  pumper  truck  and  have  received 
bids  for  a  1,000  GPM  pumper  truck  for  consideration. 

2.   Rifle 

The  number  of  crimes  reported  in  Rifle  for  the  first  half  of  1980 
were  up  29  percent  over  1979  crimes  reported.  Crimes  of  theft, 
narcotics/drugs,  vandalism  increased  the  most.  A  breakdown  of 
'W  crimes  reported  in  Rifle  for  January  through  June  1979  and  1980 

are  included  in  Table  XX. 
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TABLE  XX 

RIFLE  LAW  ENFORCEMENT  DATA 
January  -  June  1979-1980 


January-June   January-June   1979-1980 
Selected  Crimes  Reported1       1979         1980      Percent  Increase 


Theft 

97 

117 

21 

Assault 

7 

5 

(-28) 

Narcotics/Drugs 

1 

4 

300 

DUI/DWI2 

17 

41 

24 

Fraud/ Forgery 

19 

14 

(-26) 

Disorderly  Conduct 

37 

35 

5 

Criminal  Trespass 

12 

- 

- 

Vandalism 

20 

29 

45 

Family  Disturbance 

0 

2 

200 

Child  Abuse/Neglect 

1 

- 

- 

Runaways 

8 

7 

13 

Curfew  Violation 

3 

- 

- 

Total  Reports 

352 

455 

29 

1 

All  crimes  reported  are  not  included  in  this  report. 
2 

Driving  under  the  influence,  driving  while  intoxicated. 
3 

Calculated  using  a  six  month  base. 

Source:  Rifle  Police  Department 


m 
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C.  Hospitals  and  Health  Care 

1 .  Meeker 

Between  January  and  June  1980  total  admissions  to  the  Pioneer  Memorial 
Hospital  increased  55  percent  over  the  admissions  for  the  same  time 
period  in  1979.  Emergency  room  visits  increased  30  percent.  Table  XXI 
compares  hospital  data  for  the  first  half  of  1979  and  1980. 

Pioneer  Hospital  recently  began  an  expansion  program  to  increase  the 
capacity  of  the  emergency  room  and  laboratory  facilities.  Completion 
of  the  project  is  scheduled  for  January  1980.  Meeker  still  has  three 
full -time  physicians  in  practice. 

2.  Rifle 

Clagett  Memorial  Hospital  had  a  decrease  in  total  admissions  during 
the  first  half  of  1980  when  compared  to  1979.  There  was  a  slight 
increase  in  the  number  of  emergency  room  visits  (Table  XXII). 

Currently  Rifle  has  seven  active  physicians  with  the  addition  of  an 
orthopedic  surgeon. 

D.  School  Data 

1 .   Meeker 

Total  school  enrollment  increased  about  eight  percent  from  June  1979 

to  June  1980.  The  junior  high  grades  show  the  largest  increase  in 
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TABLE  XXI 
HOSPITAL  DATA  FOR  RIFLE  AND  MEEKER 


CLAGETT  MEMORIAL  HOSPITAL       PIONEER  MEMORIAL  HOSPITAL 
January-June    January-June    January-June   January-June 
1979  1980  1979  1980 


Total  Admissions 

522 

494 

184 

286 

Total  Emergency 
Room  Visits 

1,366 

1,370 

526 

683 

Average  Daily 
Census 

11.5 

10.6 

4.8 

6.9 

Average 
Occupancy 

35.9 

33.2 

28.5% 

40.8% 

Total  Newborn 

41 

36 

28 

27 

enrollment  (see  Table  XXII).  Currently  a  core  facility  is  being 
added  to  the  senior  high,  with  an  auxiliary  gymnasium,  locker  space 
and  showers. 

2.   Rifle 

Total  enrollment  in  the  Garfield  County  School  District  RE- 2  increased 
about  eight  percent  from  June  1979  to  June  1980.  As  the  new  school 
year  starts  in  September  1980  there  will  be  107  teachers,  twenty  of 
these  teachers  are  new  to  the  district.  Table  XXIII  presents  enroll- 
ment figures  over  the  past  year. 


A 
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TABLE  XXII 
MEEKER  SCHOOL  DISTRICT  RE-1  ENROLLMENT 


Enrollment 


Capacity   June  1979    January  1980   June  1980" 


Rock  School   (grades 

1-8) 

40 

25 

26 

26 

Kindergarten 

52 

61 

64 

Grades  1-4 

350 

261 

282 

276 

Grades  5-6 

150 

124 

125 

130 

Grades  7-8 

250 

108 

121 

130 

Senior  High 

450 

283 

243 

238 

Total 

1,240 

803 

858 

864 

Staff 
Certified  (FTE) 

46. 

35 

46. 

86 

46.86 

TABLE  XXIII 
GARFIELD  COUNTY  SCHOOL  DISTRICT  RE-2  ENROLLMENT 


Capacity 

June  1979 

January  1980 

June  1980 

Silt  (K-6) 

150 

• 

* 

201 

New  Castle  (K-8) 

275 

* 

*• 

326 

Esma  Lewis  (K-6) 

450 

* 

608 

Total  Elementary 

875 

922 

1,018 

**• 

Rifle  Junior  High  (7-8) 

300 

209 

Senior  High  (9-12) 

400 

491 

Total  Secondary 

700 

802 

809 

** 

Total  Enrollment 

1,575 

1,704 

1,827 

1,835 

*Enrollment  not  broken  down  by  schools  in  previous  reports. 
**Total  enrollment  not  given  since  New  Castle  school  includes 
seventh  and  eighth  grade. 
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E.   Labor  Force 

In  spite  of  increased  employment  opportunities  due  to  energy  development 
recessionary  forces  seem  to  have  affected  county  employment.  Data 
on  employment  and  unemployment  are  only  available  at  the  county  level. 
In  both  Rio  Blanco  County  and  Garfield  County  the  unemployment  rate  is 
increasing  when  compared  to  last  year's  statistics.  Table  XXIV  compares 
current  labor  forces  statistics  with  previous  years  and  months.  The 
unemployment  rate  in  Rio  Blanco  County  is  below  the  state's,  while 
the  unemployment  rate  in  Garfield  County  is  greater  than  the  state  rate. 

TABLE  XXIV 
EMPLOYMENT,  UNEMPLOYMENT  AND  LABOR  FORCE  ESTIMATES 


Rio 

Blanco  County 

3,095 

3,010 

3 

,211 

3,352 

3,047 

2,961 

3 

,137 

3,244 

48 

49 

74 

108 

1.6 

1.6 

2.3 

3.2 

Garfield  County 

11,661 

11,501 

12 

,102 

12,266 

11,152 

11,077 

11 

,525 

11,732 

509 

424 

577 

534 

4.4 

3.7 

4.8 

4.4 

3.2 

3.2 

3.6 

3.6 

Total  Labor  Force 
Total  Employment 
Total  Unemployment 
Unemployment  Rate 

Total  Labor  Force 
Total  Employment 
Total  Unemployment 
Unemployment  Rate 
State  Unemployment  Rate 

Source:  Colorado  Department  of  Labor  and  Employment 
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F.   Economic  Indicators 


1.   Commercial  Banks 

Commercial  bank  deposits  have  increased  in  Rifle,  but  decreased  in 

Meeker  since  the  first  of  the  year.  Table  XXV  shows  deposits  and  loans. 

A  new  industrial  bank  began  operating  in  Rifle  in  February.  Two  business 
groups  have  submitted  applications  to  the  Colorado  Banking  Board  to 
open  a  new  commercial  bank  in  Rifle.  A  joint  hearing  is  scheduled 
for  November  to  determine  if  the  charter  will  be  granted. 

TABLE  XXV 

COMMERCIAL  BANK  DEPOSITS  AND  LOANS 
1997  -  1980 


MEEKER 


RIFLE 


Total  Deposits 
June  1980 
December  1979 
June  1979 
December  1978 
December  1977 

Total  Loans 

June  1980 
December  1979 
June  1979 
December  1978 
December  1977 


$16,983,438 
17,496,199 
16,352,000 
15,871,000 
14,512,000 


$13,414,706 

12,690,006 

13,040,000 

12,071,000 

9,746,000 


$21,759,000 
21,513,000 
17,056,000 
17,056,000 
14,142,000 


$15,542,000 

14,184,000 

13,230,000 

11,697,000 

9,201,000 


Source:     First  National  Bank  of  Rifle 
First  National  Bank  of  Meeker 
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2.  Retail  Sales  -  Meeker 

First  quarter  retail  sales  figures  for  1980  show  that  Meeker  has  had 
an  increase  of  4  percent  over  retail  sales  for  the  same  period  in 
1979.  Retail  sales  from  finance,  real  estate  and  insurance  establish- 
ments increased  the  most  dramatically.  Eating  and  drinking  business 
also  increased  substantially.  Many  other  types  of  businesses  showed 
decreases  in  retail  sales  (see  Table  XXVI). 

3.  Retail  Sales  -  Rifle 

First  quarter  retail  sales  for  1980  in  Rifle  for  all  industries  show 
an  18  percent  increase  over  first  quarter  sales  in  1979.  Although 
the  categories  of  buiding  material,  finance,  insurance  and  real 
estate,  and  contract  construction  all  showed  a  decrease  in  retail 
sales.  These  decreases  can  be  attributed  to  U.S.  recessionary 
conditions  and  slow  down  of  home  building.  Table  XXVII  presents 
retail  sales  figures  for  1979  and  first  quarter  sales  1979  and  1980. 

4.  Personal  Income 

The  Bureau  of  Economic  Analysis  publishes  statistics  indicating 
per  capita  personal  income  by  county.  Personal  income  is  the  income  of 
residents  of  an  area  from  all  sources.  It  is  measured  after  deduction 
of  personal  contributions  to  old  age,  retirement  and  other  social 
insurance  programs,  but  before  deduction  of  income  and  other  personal 
taxes.  The  latest  figures  available  are  for  1978.  Per  capita  income 
has  been  steadily  increasing  in  Garfield  and  Rio  Blanco  counties. 
Table  XXVIII  shows  per  capita  income  for  the  five  years  for  Garfield 
and  Rio  Blanco  counties. 
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TABLE  XXVI 
FIRST  QUARTER  RETAIL  SALES  1979-1980 
MEEKER 


Percent 

1979 

1st 

1st 

Change  from 

Yearly 

Quarter 

Quarter 

Quarter 

Type  of  Business 

Total* 

1979* 

1980* 

1979-1980 

Building  Materials 

1,401 

354 

185 

(-48) 

General  Merchandise 

754 

149 

179 

20 

Food  Stores 

3,191 

584 

744 

27 

Automoti  ve 

3,058 

851 

688 

(-19) 

Apparel  and  Accessory 

72 

17 

15 

(-12) 

Furniture 

464 

124 

76 

(-39) 

Eating  and  Drinking 

668 

76 

158 

108 

Miscellaneous 

1,974 

410 

284 

(-30) 

Total  Retail  Trade 

11,582 

2,565 

2,329 

(-  9) 

Fin.,  Ins.  &  Real  Estate 

20 

1 

5 

400 

Hotels  and  Lodging 

179- 

9 

39 

333 

Other  Services 

718 

153 

168 

10 

Total  Services 

917 

163 

213 

31 

Wholesale  Trade 

1,212 

7 

195 

Agriculture 

4 

2 

3 

50 

Mining 

545 

85 

195 

129 

Contract  Construction 

476 

80 

83 

4 

Manufacturing 

292 

80 

69 

(-14) 

Trans.,  Comm.  &  Pub.  Util. 

1,072 

280 

309 

10 

Government 

— 

— 

— 

— 

Nonclassifiable 

— 

— 

— 

— 

Total  Other  Industries 

3,062 

533 

855 

60 

Total  All   Industries** 

16,101 

3,262 

3,398 

4 

%  of  County 

3135 

28% 

23% 

*Figures  in  Thousands 
**Totals  may  not  add  up  due  to  rounding 

Source:  Colorado  Department  of  Revenue,  Division  of  Research  and  Statistics 
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TABLE  XXVII 

FIRST  QUARTER  RETAIL  SALES  1979-1980 

RIFLE 


/ 

Percent 

1979 

1st 

1st 

Change  from 

Yearly 

Quarter 

Quarter 

Quarter 

Type  of  Business 

Total* 

1979* 

1980* 

1979-1980 

Building  Material 

1,533 

675 

204 

(-70) 

General  Merchandise 

439 

79 

87 

10 

Food  Stores 

8,205 

1,764 

1,972 

12 

Automotive 

5,800 

1,294 

1,698 

31 

Apparel  and  Accessory 

427 

69 

85 

23 

Furniture 

606 

131 

155 

18 

Eating  and  Drinking 

1,811 

398 

450 

13 

Miscellaneous 

4,091 

1,046 

835 

(-20) 

Total  Retail  Trade 

22,912 

5,458 

5,486 

1 

Fin.,  Ins.  &  Real  Estate 

41 

11 

8 

(-27) 

Hotels  and  Lodging 

401 

33 

88 

166 

Other  Services 

3,705 

930 

697 

(-25) 

Total  Services 

4,147 

974 

793 

(-18) 

Wholesale  Trade 

7,580 

801 

2,185 

172 

Agriculture 

— 

— 

— 

— 

Mining 

— 

— 

— 

— 

Contract  Construction 

415 

100 

82 

(-18) 

Manufacturing 

350  - 

7 

41 

485 

Trans.,  Comm.  &  Pub.  Util. 

1,746 

464 

623 

34 

Government 

— 

— 

— — 

— — 

Nonclassifiable 

— 

— — 

— 

"~ 

Total  Other  Industries 

10,091 

1,372 

2,931 

114 

Total  All   Industries** 

37,150 

7,804 

9,210 

18 

%  of  County 

17% 

15% 

17% 

♦Figures  in  Thousands 

**Totals  may  not  add  up  due 

to  rounding 

Source:     Colorado  Department 

of  Revenue, 

Division  of  Research  and  Statistics 
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TABLE  XXV HI 
PER  CAPITA  PERSONAL  INCOME 


COUNTY 


1974 


1975 


1976 


1977 


1978 


Garfield 
Rio  Blanco 


4,835 

5,527 

6,236 

6,665 

7,574 

4,507 

4,565 

5,711 

7,298 

8,940 

Source:  Bureau  of  Economic  Analysis 

The  Colorado  Department  of  Revenue  also  publishes  information  on 
personal  income  from  income  tax  returns.  These  figures  are  slightly 
higher  than  those  produced  by  the  Bureau  of  Economic  Analysis  (see 
Table  XXIX),  because  of  a  different  method  of  determining  income. 
The  Department  of  Revenue  figures  are  determined  by  dividing  the  total 
income  from  income  tax  returns  by  the  total  number  of  returns.  Whereas 
the  BEA  figures  divide  total  income  by  population. 

TABLE  XXIX 

AVERAGE  INDIVIDUAL  ADJUSTED  GROSS  INCOME 
Fiscal  Year  Ended  June  30,  1977,  78,  79 


# 


COUNTY 


Garfield 
Rio  Blanco 


1977 


1978 


Percent  Increase 
1979        1978-1979 


$11,031.50 
11,062.66 


$12,194.97 
12,249.62 


$13,509.08 
13,915.89 


14% 


Source:  Colorado  Department  of  Revenue  Annual  Report 
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APPENDIX  10.0 
SECONDARY  EMISSION  FACTORS 
TABLE  OF  CONTENTS 

10-A  Emission  Factors  For  Vehicles 

10-B  Emission  Factors  For  Natural  Gas  Combustion 

10-C  Emission  Factors  For  Diesel  Locomotives 


APPENDIX  10-A 

EMISSION  FACTORS  FOR  VEHICLES 

(grams  per  mile) 


Emission 

Automobi le 
(Gas) 

Light  Truck 
(Gas) 

Heavy 
Diesel 

Carbon  Monoxide 

8.44 

19.45 

12.12 

Sulfur  Dioxide 

0.13 

0.18 

2.8 

Particulates 

0.25 

0.25 

1.3 

Nitrogen  Oxides 

1.94 

1.94 

7.20 

Hydrocarbons 

1.03 

1.76 

1.46 

m 


APPENDIX  10-B 

EMISSION  FACTORS  FOR  NATURAL  GAS  COMBUSTION 

(pounds  per  million  standard  cubic  feet) 

Emission 
Emission  Factor 


Carbon  Monoxide  20 

Sulfur  Dioxide  0.6 

Particulates  15 

Nitrogen  Oxides  80 

Hydrocarbons  8 


APPENDIX  10-C 

EMISSION  FACTORS  FOR  DIESEL  LOCOMOTIVES 

(pounds  per  thousand  gallons  of  fuel  oil) 

Emission 
Emission  Factor 


Carbon  Monoxide  130 

Sulfur  Dioxide  57 

Particulates  25 

Nitrogen  Oxides  370 

Hydrocarbons  94 
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APPENDIX  11.0 
Supporting  Air  Diffusion  Modeling  Tables 
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These  tables  support  Chapter  VI 
Air  Diffusion  Modeling  Results 
and  are  described  therein 
(Tables  11.1  thru  11.12) 
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;  No. 

11 

.1 

11, 

.2 

11, 

.3 

11, 

.4 

11, 

.5 

11 

.6 

TABLES  IN  APPENDICES 
Title 


No. 

of 

Pages 

1 

of 

2 

1 

of 

1 

1 

of 

25 

1 

of 

1 

As  Modeled  Emission  Sources 

SO2  Emissions  Input  for  Air  Quality  Modeling 
of  Tract  C-b 

TSP  Emissions  Input  for  Air  Quality  Modeling 
of  Tract  C-b 

NOX,  CO  Emissions  Input  for  Air  Quality  Modeling 
of  Tract  C-b 

TSP  Mass  Distributions  by  Source  1  of  1 

Secondary  Emissions  Input  for  Air  Quality  Modeling   1  of  7 
of  Tract  C-b 

11.7  Primary  Emissions  Input  for  Air  Quality  Modeling    1  of  7 
of  Tract  C-b 

11.8  Secondary  Emission  Source  Locations  and  Elevations   1  of  3 

11.9a      Wind  Persistance  at  Specified  Stability  1  of  6 

<#  thru      Stability  A  thru  Stability  F 

(  11. 9f 

11.10      Wind  Speed  Adjustments  to  Pasquil 1-Gifford  Stability  1  of  1 
Classes  Obtained  from  Meteorological   T  Data 

11.11a     Bivariate  Wind  Frequency  Distributons  by  Stability   1  of  7 

thru      Class 

ll.llg 

11.12      Upper-Air  Stability  Classes  (Pibal  Data)  1  of  1 
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No. 


Source  Identification 
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TABLE  11.9a  WlND    PERSISTENCE    AT    SPECIFIED    STABILITY 

Stability  A 
November  1974  -  October  1976 
Stability  Determined  from  200'-30'  on 
Meteorological  Tower  Corrected  for  Wind  Speed 
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Direction 

Persistence  as  Duration  (Speed) /Date* 

1 

2      1     3 

N 

2  (1.5)     ^^ 
-  -  ^  6^-5-75 

^   "" 

NNE 

4  (2.)   ^  >W 
^  -^  -  12-24-75 

^  --"  " 

NE 

2  (2.) 

^  —  T2-8-75 

2  (2.5) 
^  ^  ^4^3-76 

2  (2.5) 

_  --  10-1-76 

ENE 

2  (3.)    ^  ^  -~{2  (1.5) 

^  ^  "9-8-75    ^  —  "5-"23-76 

2  (2.)    ^-*" 
^  -  "7^13-76 

E 

2  (2.5) 
^  -  "if- 15-75 

2  (2.5) 
^  --  *7- 24-76 

^  "  "" 

ESE 

■ 

SE 

2  (4.)     ^-' 

^  -  "  5^21-75 

^  ""*■ 

^, "" 

SSE 

^<^' 

S 

„-   " 

SSW 

■2  (4.)      ^  ^ 

^   -*-'  12-5-75 

2  (5.5) 
^  ^  5^8-76 

^  -  "" 

sw 

3  (2.2)   ^  ^  " 
^  ^    5-8-76 

2(1.5)   ^,-- 
^  --  9^20-76 

^  -" 

wsw 

2  (1.5)   ^  .-- 
,-  ■*"  8-1-76 

^--  *" 

w 

4  (3.8)    ^  —  " 
^  -"2-5-76 

3  (3.3)   _  -  "" 
^  -4^12-75 

3  (3.0)   ^  -^  " 
^  -''f-6-76 

WNM 

6(2.7)    ^-~ 
^  -1TJ-27-75 

^- 

Nil 

3  (2.)    ^   -  ' 
^  ^   10-24-75 

4  (2.5) 
^  -  -3-7-76 

NNW 

3(2.)     ^^' 
^  ^    n-8-75 

«*"'*  —-                         -  --    -  ■■■  - 

.<r  .        , 

^  --' 

*Duration  in  Hours 
and  Wind  Speed  at 
30  Ft  in  MPH. 


TABLE  11  .9b 
(Continued) 


Wind  Persistence  at  Specified  Stability 

Stability  b 

November  1974  -  October  1976 

Stability  Determined  from  200'-30'  on 

Ieteorological  Tower  Corrected  for  Wind  Speed 
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Direction 

Persistence  as  Duration  (Speed) /Date* 

1 

2           3 

N 

4  (6.) 

„  -  '9^28-76 

>" 

^  ^   ^ 

NNE 

2  (7.) 

3  (4.7) 

^  -lcf-17-75 

^  ^  " 

NE 

4  (9.5)    ^  " 

„  -  -"  7-23-76 

^  ^  ~  ' 

ENE 

2(3.5)    ^  "  ^  I2  (4-) 
^  -  -"  8"-20-75   _  _  --  "10-25-75 

'   ^  -^  " 

E 

4  (4.5)       -  *~ 
^  ^  ^7^31-76 

-^ 

' 

ESE 

2  (8.) 
^  ^   -^-"21-75 

. 

SE 

^  "" 

^,  -* 

SSE 

3(6.)        - 

^  --  12-6-75 

2  (7.)     ^.-^ 

-^  -"fo'-26-75 

^-"' 

S 

6(7.8)     ^.-^ 
^.^-  "3^31-76 

5  (5.8)     ^  *"" 
^  ^12-4-75 

^  -"  "~ 

SSW 

"6  (8.5)  ^  ^  ^ 
^   ""2-11-76 

5  (7.4)    ^  ^ 

^  •*"  3-16-76 

4  (8.) 

^-  ■"  f-5-75 

sw 

7  (9.3)    ^  -  " 
^   --  ^To-18-75 

5  (11.6)   ^  -"* 
,  ^  -"  T- 18-76 

^  -" 

wsw 

4  (7.3)    ^   ^" 
^  -6-11-75 

^    -" 

_^  "" 

w 

3  (8.3)    ^   —  " 
^  -  "4-27-75 

4  (6.5)     -  ^ 

^  ^  ~"  4^-29-75 

^  — ' 

WNW 

5  (7.6) 

^  -"  5^2-75 

--~ 

NW 

7  (10.9)   ^  -  ' 
^  --  T2-14-75 

^-  """ 

NNW 

6  (9.3)     ^^ 
^  ^  5^31-75 

-»* 

-"- 

"Duration  in  Hours 
and  Wind  Speed  at 
30  Ft  inMPH. 


TABLE  11  .9c 
(Continued; 


Wind  Persistence  at  Specified  Stability 

Stability  C 

November  1974  -  October  1976 

Stability  Determined  from  200'-30'  on 

Meteorological  Tower  Corrected  for  Wind  Speed 
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Direction 

Persistence  as  Duration  (Speed) /Date* 

1          2           3 

N 

3  (14.)     ^   ^ 

„  -  "4^30-76 

3  (12.)   ^  -  " 
^  -  '9-26-76 

^   ^    ^ 

NNE 

2  (12.5)   ^  --  ' 
^  -  "  9^30-75 

^  -^  "" 

NE 

2  (10.) 

^  ^   6^16-76 

^  ^  "  ' 

ENE 

t00m    ** 

^  " 

^  ~"  " 

E 

^  -""  *" 

ESE 

^^ 

SE 

^  "■"""' 

^  -""" 

SSE 

2  (13.5)   ^  -"  ' 
^   --  4^25-76 

2  (12.0)   ^  -^ 

^  ^  —  7^19-76 

^^^ 

S 

1  (12.0)   ^  -  ^ 
^  ^  ""  J-ll-76 

.-- 

^  -"* 

SSW 

4  (12.8)    ^  "" 

^  ^"3-18-75 

4  (12.3) 
^  -"  "5-15-75 

4  (13.8)    ^  ^ 

^  -  "3-13-76 

SW 

3  (12.3)  ^  ^  "" 
^  ^  ^4-9-75 

3  (12.3)  ^.  --  ' 
^  ^-  "5-18-76 

3  (9.7) 

^  -  f-12-76 

wsw 

2  (12.)   ^  -~~ 
^  ^  -"  '8-23-76 

^- 

^  ■**  "* 

w 

2  (11.5) 

^  „  -  6"-24-75 

^  -"" 

1 
WNW 

3  (8.)     ^  -' 

2  (3.) 
^  --  "4-11-75 

2  (12.5)   ^  ^  " 

^ --  Tl-29-75 

NW 

8  (6.5)   ^  -"  " 
^  --  "l0-23-75 

4  (13.5)   ^  -*  " 

«.-  "*  11-18/19-75 

___^,  ""^ 

NNW 

2  (11.5)  ^  _-  ' 
^  >  ""  5-29-75 

—  "' 

^Duration  in  Hours 
and  Wind  Speed  at 
30  Ft  in  MPH. 
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TABLE  11. 9d 
(Continued) 


Wind  Persistence  at  Specified  Stability 

StabilityD 
November  1974  -  October  1976 
Stability  Determined  from  200'-30'  on 
ieteorological  tower  corrected  for  wlnd  speed 
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Direction 

Persistence  as  Duration  (Speed) /Date* 

1          2           3 

N 

6  (14.5) 

-  ~  ""  4-30-76 

^  -  "" 

NNE 

4  (3.5)    ^  - 
^  -    4-26-75 

^  -"  " 

NE 

^  —  " 

^  "  "" 

^  ^  ^ 

ENE 

^  -~  *"           ^  ^ 

^  -"  " 

E 

2  (2.5)^  ^  -  " 

^  -"  "  8-21-75 

2  (5.)^  -"* 
-  ~"  "*  10-14-75 

ESE 

2  (17.5) 
^  -^  -~  7^20-76 

„- -^ 

SE 

5  (13.8)    ^  ' 
^  -  "  7-23-76 

2  (2.)    ^  -  ^ 

^  -  ^3-23-75 

2  (17.5)  ^  ^-' 
^  ^  ^  7-9-76 

SSE 

2  (18.)    ^  - 

^  -"'  "3-25-76 

3  (13.)  ^^-' 
_  <-  —  10-10-75 

^^^^ 

S 

12  (38.3)  ^  -  "" 
^  --  -"  "4-25-75 

11  (18.5) --  "" 

^  """  3-25-75 

11  (19.)^  ^-  ' 
^  ^- -"1(M  1/12-75 

SSW 

L25  (21.)    ^  ^ 
^   -"  2^7-75 

25  (27.3)  ^  -  " 
^  -"  ^10-26-75 

15  (22.2)  ^  ^  ^ 

^  ^   ^12^1-75 

sw 

10  (15.4)  ^  **  ' 
^  ^  '    4-22-75 

9  (20.3)^  ^-  "" 
^.  -^  '   8-23-75 

^  — • 

wsw 

5  (18.)^  ^.  -~" 
^  ^  ~"  "4-9-76 

3  (10.)      ^  - 

4-18-25-  "3  (16J 
5-15-75 

.  3  (15.3)^^  "  ' 
^.  ^  '   11-6-75 

w 

4  (18.3)   ^  -"  ' 
-  -1-25-75 

^  ■"' 

_^  -" 

m\ 

6  (21.2)    ^  ■"  ' 
^^"   3-19-76 

5  (13.4)  _  - 
_  ^.  ^  ""l-7-75 

5  (4.)       ^  - 
^  -5fl9. 
2/15/75- 
---*    2-18-76 

m 

6  (7.5)   ^  -^ 
^  —  1^8/9-75 

4  (4.8)    ^  ^ 
,.  -  ^  4-25-75 

NNW 

4  (13.8)    ^^ 
^  —  "  1-21-75 

•"" 

• 


"Duration  in  Hours 
and  Wind  Speed  at 
30  Ft  in  MPH. 
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TABLE 11.9e  WlND    PERSISTENCE    AT    SPECIFIED    STABILITY  Paqe  5  of  6 

(Continued)  STABILITY     E 

November  1974  -  October  1976 

Stability  Determined  from  200'-30'  on 

Meteorological  Tower  Corrected  for  Wind  Speed 


Direction 

Persistence  as  Duration  (Speed) /Date* 

1      i     2      1     3 

N 

2  (11.)   ^   ^ 

^  -  "  "9-20-75 

2  (6.) 

^  "  ^9-30-75 

^   ^    ^ 

NNE 

2  (10.)    ^  - 
^^"   "9-20-75 

2  (3.) 

^  ^"  6-24-76 

NE 

2  (2.)     ^  -  n         ^-' 
_  --  "1-22-75    ^  ^  "  ^ 

^  ^  " 

ENE 

-*-* 

E 

2  (7.)   ^  " 

_  -  "  11-17-75 

4  (4.8) 

,  ^  -*  11-1.1/12-75 

^  -*  "" 

ESE 

3  (7.7) 

^  "  8-9-76 

3  (2.7) 

^  -  ""  9-18-76 

3  (8.)    ^-' 
_  --  ^6-29/30-76 

SE 

4  (6.3)^  ^  -  '  ' 
r  "  "  8-27-75 

4  (3.3)^  ^  --  ' 
-  ""   9-1-75 

3  (10.)^  ^  -"" 

^^"   7-11-76 

SSE 

4  (7.)    ^  - 
^  ^  ^8-27-75 

4  (13.3)^  ^  -*' 
^^^  "lO-6-75 

S 

^4  (11-7)^  _  -^ 
^  ^  >  "4-15-75 

4  (11.3)    ^   -" 

--  4(11  ' 

4-24-75-    'nil.- 

J:  ^    10-11-75 

4  (14.)  ^' 
)     ^  -~ 
^  -"    8-7-76 

ssw 

7  (13.2)  ^  ^  ^ 
^^   "" 2-11-75 

7(8.6)  ^^  - 
^  --  ^   5-23-75 

6(2.2)      ^  - 

2-16-75  -*~  ^(13-8' 
^  """    9-1-75 

sw 

6  (12.5)   ^  •"  ' 
^  -^  ^4-13-75 

5  (9.)  ^  ^  -* 
^^^      1-16-75 

^,  -* 

wsw 

>t'i 

^-  ""* 

w 

10  (4.7)^  ^  "  ' 
^  -  ""  9-19/20-76 

5  (6.) 

,^  -"  '4-12/13-75 

4  (3.3)    ^  ^ 

^    —  '   2-14-75 

\m 

3  (6.7)     ^  -  ' 
^-"*  f-14-75 

^  -  ^ 

^-* 

NW 

3  (6.3)   ^  -  " 
^  ~-  "~2-15-75 

^-  "  " 

NNW 

■  ■  ■■-         — i 

5  (8.)   ^  ^ 

^  --  "~  1-9-75 

^         , 

— 

-"" 

"Duration  in  Hours 
and  Wind  Speed  at 
30  Ft  in  MPH, 


TABLE  H.9f 
(Continued) 


Wind  Persistence  at  Specified  Stability 

Stability  F 

November  1974  -  October  1976 

Stability  Determined  from  200'-30'  on 

Meteorological  Tower  Corrected  for  Wind  Speed 
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Direction 


NE 


ENE 


ESE 


SE 


SSE 


SSW 


SW 


Persistence  as  Duration  (Speed) /Date* 


1 


2 


2  (3.)    ^-   "12  (.5) 

^  -  '  "6-7-75      -  "  ^11-6-75 


2  (.5) 


9-22-75 


3  (1.)     ^  -  "  j2  (2.) 

^  -"  "8-30-75     -  -"  ^8-9-75 


2  (1.5) 


8-10-75 


2  (2.5) 


8-29-75 


3  (1.7) 


8-3-75 


3  (2.3) 


8-3-75 


2  (2.5) 


8-30-76 


3  (6.5) 


9-5-75 


6  (5.8) 


2-23-76 


5  (3.0) 


10-1-76 


4  (3.3) 
111  - 


12-3-75 


5  (4.2) 


1-19-75 


6  (2.) 

Ul  - 


6-5-75 


3  (4.7) 


1-23-75 


4  (3.) 


6-1/2-76 


5  (5.6) 


10-5-75 


2  (2.5) 


-r- 


8-8-75 


3  (6.) 


9-17-75 


2  (3.5) 


1-1-75 


2  (3.) 


1-1-75 


2  (3.) 


6-27-76 


4  (7.5)    ^*' 

i£L-  ^  "10-6-75 


6  (11.3) 


5-28/29-76 


3  (3.3) 


9-21-75 


2  (5.5) 


9-29-75 


2  (2.) 


9-29-75 


(1)  The  wind  pattern 
=  of  SE-SE-SSE-SSE 

SSE-SE-SSE  was 
credited  as  4  hrs 
at  SSE  and  3  hrs 
at  SE. 

(2)  The  wind  pattern 

—  of  S-S-S-SSE-SSE 
SSE-S  was  credited 
as  3  hrs  at  SSE  and 
4  hrs  at  S. 

(3)  The  wind  pattern  of 

—  SSW-SSW-S-S-S-SSW 
SSW-SSW-SSW  was 
credited  as  6  hrs 
at  SSW  and  3  hrs  a^ 
S. 


"Duration  in  Hours 
and  Wind  Speed  at 
30  Ft  inNPH. 
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TABLE  11.10 

WIND  SPEED  ADJUSTMENTS*  TO  PASQUILL-GIFFORD 
STABILITY  CLASSES  OBTAINED  FROM  METEOROLOGICAL 

AT  DATA 


Stabil 
from 

ity 

AT 

Wi  nd 

Speed  (WS) 

(m/s) 

"Adjusted 
Stability" 

A 

WS  <2.0 
2.0  <WS  <5. 
5.0  <WS  <6. 
WS  >6.0 

0 
0 

A 
B 
C 
D 

B 

WS  <5.0 
5.0  iWS  <6. 
WS  >6.0 

0 

B 
C 
D 

C 

WS  <5.0 
WS  >5.0 

C 
D 

D 

ALL  SPEEDS 

D 

E 

WS  <5.0 
WS  >5.0 

E 
D 

F 

WS  <3.0 
3.0  <WS  <5. 

WS  >5.0 

0 

F 
E 
D 

*  Provided  by  the  EPA 
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TABLE  11.12 


Page  1   of  1 


Upper-Air  Stability  Classes   (Pihal    Data) 
November  77-November  78 


Height 
(m) 

Stabil ity 
Class 

Morning 

Frequen 

cy 

Afternoon 

Frequenc 

y_ 

Winter 

Spring 

Summer 

Fall 

Year 

Winter 

Spring 

Summer 

Fall 

Year 

150 

A 

0 

o 

0 

0 

0 

0 

0 

13.6 

18.2 

9.7 

B 

4.8 

0 

0 

0 

1.2 

0 

0 

4.5 

4.5 

2.8 

C 

0 

0 

0 

0 

0 

7.1 

0 

0 

13.6 

5.6 

D 

42.9 

14.3 

3.7 

19.0 

19.3 

71.4 

92.9 

77.3 

40.9 

68.1 

E 

52.4 

64.3 

63.0 

38.1 

54.2 

21  .4 

7.1 

4.5 

18.2 

12.5 

F 

0 

21  .4 

33.3 

42.9 

25.3 

0 

0 

0 

4.5 

1  .4 

300 

A 

3.7 

0 

0 

0 

0.8 

0 

6.1 

6.5 

5.4 

4.8 

B 

0 

0 

0 

0 

0 

0 

3.0 

0 

2.7 

1.6 

C 

3.7 

0 

0 

0 

0.8 

0 

0 

6.5 

5.4 

3.2 

D 

55.6 

30.0 

18.2 

28.6 

31.9 

66.7 

72.7 

71.0 

59.5 

67.2 

E 

37.0 

70.0 

75.8 

72.4 

64.7 

33.3 

18.2 

16.1 

27.0 

23.2 

F 

0 

0 

6.1 

0 

1.9 

0 

0 

0 

0 

0 

500 

A 

0 

3.6 

3.1 

0 

1.7 

0 

3.1 

6.5 

0 

2.5 

B 

0 

0 

0 

0 

0 

0 

0 

3.2 

0 

0.8 

C 

0 

0 

0 

0 

0 

0 

3.1 

3.2 

0 

1.7 

D 

■   44.8 

35.7 

34.4 

32.3 

36.7 

72.7 

75.0 

64.5 

66.7 

69.4 

E 

55.2 

53.6 

62.5 

67.7 

60.0 

27.3 

18.8 

22.6 

30.6 

24.8 

F 

0 

7.1 

0 

0 

1.7 

0 

0 

0 

2.8 

0.8 

^000 

A 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

B 

0 

0 

0 

4.0 

0.9 

0 

7.4 

0 

0 

2.0 

C 

0 

0 

0 

0 

0 

0 

0 

6.9 

9.4 

4.9 

D 

45.5 

77.8 

56.3 

48.0 

57.5 

64.3 

85.2 

79.3 

62.5 

73.5 

E 

50.0 

22.2 

43.7 

48.0 

40.6 

35.7 

7.4 

13.8 

28.1 

19.6 

F 

4.5 

0 

0 

0 

0.0 

0 

0 

0 

0 

0 
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APPENDIX  12.0 


Conditional  Prevention  of  Significant  Deterioration 

Permit,  C-b 
-  Ancillary  Phase  - 


% 


Conditional  Permit  to  Commence  Construction  and  Operate 

Prevention  of  Significant  Deterioration  of  Air  Quality 

Review  of  Mew  Sources 

C-b  Shale  Oil  Venture 

Ri£  Blanco  County,  Colorado 

I.    INTRODUCTION  .  - 

The  C-b  Shale  Oil  Venture  Project  (C-b)  consisting  of  Occidental 
Oil  Shale,  Inc.,  and  Ashland  Oil  of  Colorado  plans  to  construct  and  operate 
a  modified  in-situ  oil  shale  resource  development  project.  This  conditional 
permit  covers  only  the  first  phase  of  operations  which  may  lead  to  commercial 
phase  operation.  This  phase  as  described  in  the  C-b  application  covers  the 
site  preparation,  shaft  sinking,  and  retorting  of  the  ancillary  phase  of 
the  project  which  extends  over  a  time  period  from  the  date  of  issuance  of 
this  permit  until  about  1982.  Specific  activities  covered  by  this  conditional 
permit  include  general  site  preparation,  the  sinking  of  four  shafts,  and 
the  operation  of  a  two  retort  module  and  a  four  retort  module-the  larger 
of  which  is  designed  to  produce  about  5,000  barrels  a  day.  Other  on-site 
support  facilities  will  be  constructed  along  with  the  above. 

On  October  4,  1977  the  U.S.  Environmental  Protection  Agency,  Region  VIII 
EPA  determined  that  "the  collaring  of  the  proposed  first  ancillary  phase  , 
shaft"  was  determined  to  be  commencement  of  construction.  Pursuant  to  the 
requirements  of  40  CFR  52.21(d)  and  Title  I  Part  C  of  the  Clean  Air  Act 
Amendments  of  1977  (42  USC  7401  et.  seq.),  a  source  may  not  commence 
construction  prior  to  receiving  this  EPA  approval.  Subsequently,  requests 
were  made  by  C-b  to  reverse  our  decision  but  it  has  been  determined  that  the  above 
definition  of  commencement  of  construction  is  appropriate.  Correspondence  and 
information  related  to  this  determination  is  cited  in  Appendix  1.  On  Oceober  17, 
1977  C-b  pursuant  to  the  above  determination  filed  a  complete  application 
requesting  EPA  permission  to  construct  and  operate  the  ancillary  phase  of  their 
oil  shale  facility.  Subsequently  clarifying  information  for  the  permit  application 
was  provided  on  October  26  and  October  31,  1977. 

On  the  basis  of  the  information  submitted  by  C-b,  EPA  made  a. 
preliminary  determination  that  a  conditional  PSD  permit  should  be  granted. 
EPA  notified  the  appropriate  Federal  Land  Manager  and  Federal  Officials 
charged  with  the  responsibility  of  protecting  the  air  resources  of  Class  I 
areas  in  the  vicinity  of  the  operation.  A  notice  of  a  public  hearing  to  be 
held  in  Rifle,  Colorado  on  December  6,  1977,  was  published  in  local  and 
state  newspapers.  The  hearing  was  held  on  December  6.  A  summary  of  the 
hearing  testimony  and  written  submissions  is  part  of  the  analyses  indicated 
in  Appendix  3.  Comments  received  during  the  public  hearing  and  via  written 
submissions  to  EPA  have  been  fully  considered  by  EPA  in  its  final  determination. 


II.  FINDINGS 

Information  considered  and  used  by  EPA  in  its  review  of  the  C-b 
permit  application  is  listed  in  Appendix  2.  On  the  basis  of  that  information 
EP.A  has  determined  that: 

A.  C-b  proposes  the  application  of  best  available  control  technology 
(BACT),  as  defined  in  40  CFR  52.21  and  42  USC  7401  et.  seq., 

and  will  limit  emissions  from  the  facility  as  set  forth  in  III (B) 
below; 

B.  The  emission  limitations  will  insure  that  the  applicable  PSD  air 
quality  increments  will  not  be  violated; 

C.  Violations  of  the  national  ambient  air  quality  standards  will  not 
be  caused  or  exacerbated  by  the  facility; 

D.  The  ambient  and  the  emissions  monitoring  program  as  described  in 
the  C-b  application  coupled  with  the  conditions  to  this  permit 
will  adequately  assess  the  air  Quality  impacts  from  this  facility 
and  ensure  continued  compliance  with  the  terms  and  conditions  of 
this  permit. 

E.  EPA  has  good  reason  to  believe  that  C-b  can  comply  with  the 
conditions  of  this  permit.  However,  in  the  issuance  of  this  permit 
neither  EPA  nor  its  findings  assume  any  risk  of  loss  which  may  occur 
as  a  result  of  the  commencement  of  construction  and  operation  by 
C-b  if  conditions  of  this  permit  are  not  met  by  C-b. 

These  findings  are  based  upon  the  analyses  listed  in  Appendix  3.  Cn  the 
basis  of  currently  available  engineering,  design,  and  operating  data  EPA  has  no 
reason  to  doubt  C-b's  representation  that  emissions  from  the  source  will  remain 
within  the  allowable  limits.  However,  in  view  of  the  limited  amount  and  nature 
of  data  on  air  emissions  from  operating  in-situ  oil  shale  facilities 
and  the  tentative  nature  of  actual  design  specifications  of  air  pollution 
control  equipment  this  conditional  permit  to  construct  and  operate  (III  below) 
is  expressly  conditioned  upon  the  continuing  validity  of  C-b's  representations 
in  their  application  and  their  good  faith  best  efforts  to  ensure  that  actual  design 
specifications  and  process  operations  are  such  as  to  ensure  compliance  with 
this  conditional  permit.  Also,  it  is  recognized  that  due  to  the  prototype 
nature  of  the  technology  of  oil  shale  development  there  may  exist  -a  need  to 
revise  the  permit  at  some  time  during  its  operable  life. 

III.  CONDITIONAL  PERMIT  TO  CONSTRUCT  AND  OPERATE 

On  the  basis  of  the  findings  set  forth  in  II  above  and  pursuant  to 
the  authority  (as  delegated  by  the  Administrator)  of  40  CFR  52.21(d)(2)  and  42 
USC  7401  et.  seq.  EPA  hereby  grants  conditional  approval  to  C-b  to  commence 


construction  and  operate  its  proposed  modified  in-situ  oil  shale  operation  and 
related  facilities  on  a  federal  lease  tract  about  20  miles  west  of  Rio  Blanco, 
Colorado.  This  approval  is  expressly  conditioned  as  follows: 

A.  C-b  shall  submit  to  EPA  within  20  working  days  after  it  becomes 
available,  copfes  of  all  engineering  design  and  technical  data 
pertaining  to  the  selected  control  devices,  (e.g.,  Stretford 
Plant,  baghouses,  dust  palliatives,  etc.)  in  order  for  EPA  to 
verify  the  likelihood  of  the  control  device  to  achieve  the 
emission  limits  stated  below.  FPA  may  upon  review  of  these  data  deem 
this  conditional  permit  void  if  EPA  determines  the  control  methods  to  be 
inadequate  to  meet  the  emission  limits  specified  in  this  conditional 
approval.  Final  plans  or  specifications  on  control  devices  shall  include 
at  a  minimum  a  description  of  the  systems  operation,  major  design 
parameters,  and  efficiency  guarantees.  Such  information  should  be 
accompanied  by  one  copy  of  all  pertinent  air  pollution  control 

aspects  of  all  contracts,  purchase  orders,  and  vendor  proposals 
which  C-b  plans  for  the  purpose  of  construction  of  the  control  device. 
Should  EPA  determine  that  C-b's  final  plans  contain  insufficient 
or  inaccurate  information  to  sustain  this  permit  or  if  EPA  makes  a 
preliminary  determination  that  the  control  methods  are  inadequate 
to  meet  the  emission  limits  in  III(E)  EPA  shall  so  notify  C-b 
within  30  days  of  EPA's  receipt  of  such  plans.  C-b  shall  have  30  days 
after  notice  to  submit  complete  design,  engineering  and  operating 
data.  EPA  shall  make  a  final  determination  on  the  adequacy  of  the 
information  and/or  control  methods  within  30  days  of  receipt  of 
such  information.  If  EPA  determines  that  the  control  methods  are 
inadequate  to  achieve  the  emission  limits  in  III(B)  above  or  any 
other  condition  of  this  permit,  or  if  information  required  to  make 
a  determination  is  still  inadequate  EPA  may  declare  this  condi- 
tional permit  void  upon  written  notice  to  C-b  until  the  condition 
or  conditions  in  question  are  satisfied.  Such  final  agency  action 
shall  be  effective  immediately  upon  C-b's  receipt  of  such  written  notice. 
Construction  or  operation  of  the  source  during  any  period  in  which 
the  permit  is  deemed  void  is  expressly  prohibited  until  the  permit 
is  reinstated  in  writing  by  EPA.  Failure  of  EPA  to  take  action  pursuant 
to  this  condition  shall  not  constitute  a  guarantee  that  the  control  devices 
will  in  fact  enable  C-b  to  meet  the  conditions  of  this  permit. 

B.  C-b  shall  limit  emissions  from  the  facility  as  shown  in  the  table 
below. 


C-b  Emissions  Summary,  Pounds  per  hour 


Ancillary  Development 

a.  Mine  vent 

b.  In-situ  gas 

c.  Steam  boiler 

d .  Storage  tank 

e.  Mine  shaft  transfer 

f.  Shale  conveyor 

g.  ROM  ore  handling 

TOTAL 
(Annual  tpy) 


TSP 

SO^ 

16.0 

7.0 

7.4 

17.4 

16.3 

3.6 

1.7 

- 

7.7 

- 

29.2 

-. 

78.3 

28.0 

(343) 

(123) 

c. 


D. 


E. 


The  sulfur  removal  facility  for  control  of  gaseous  sulfur  emissions 
from  the  facility  shall  be  designed  and  operated  in  order  to  insure 
at  least  99.0%  over-all  gaseous  sulfur  recovery  and  no  greater  than 
15  parts  per  million  H2S  concentration  in  the  off  gas  are  continuously 
achieved.  Also,  emissions  from  the  power  generation  facilities  shaV 
not  exceed  0.1  pounds  per  million  BTU  of  particulate  matter  and 
pounds  per  million  BTU  of  SO2  or  the  emissions  limits  as  stated 
the  table  above  whichever  is  less  as  measured  by  the  procedures 
forth  in  40  CFR  60.46. 


0.8 

in 

set 


Particulate  emissions  emanating  from  the  underground  mining  activity 
and  from  the  above  ground  mine  shaft  transfer  of  mined  cut  shale 
shall  be  continuously  controlled  such  that  the  emissions  limits  in 
1 1 1  (B)  are  met.  At  no  time  shall  visible  emissions  exceed  207= 
opacity. 

Fugitive  dust  control  measures  including  watering  and/or  chemical 
dust  suppressants  shall  be  used  to  minimize  to  the  greatest  extent 
practicable  the  amount  of  fugitive  dust  emanating  from  disturbed 
areas  as  described  in  C-b's  permit  application  including  but  not 
limited  to  haul  roads,  access  roads,  parking  areas,  drill  pads,  and 
shale  disposal  areas.  Disposal  of  the  run  of  mine  ore  shall  be 
performed  in  a  manner  which  involves  compaction  and  rapid  revegeta- 
tion  of  the  disposed  material.  A  maximum  of  80  acres  of  this 
disposed  shale  material  shall  remain  in  an  active  working  disposal 
state  at  any  given  time. 


I 


F.  A  performance  test  of  the  sulfur  removal  facility  shall  be 
conducted  pursuant  to  the  provisions  of  40  CFR  60.7,  60.8  and 
EPA  Method  11  or  equivalent.  Performance  tests  of  the  steam 
boilers  shall  be  conducted  pursuant  to  the  provisions  of  40  CFR 
60.7,  60.8,  60.46  and  EPA  Methods  5,  6  and  7.  Periodic  performance 
tests  of  particulate  emissions  emanating  from  the  mine  vent  shall 
be  conducted  pursuant  to  provisions  of  40  CFR  60.8  and  EPA  Method  5. 
Periodic  tests  to  determine  the  particle  size  distribution  and  chemical 
composition  of  particulates  in  the  in-situ  gas  stream  shall  be  conducted, 

6.  Should  any  of  the  tests  .indicated  in  III  above  indicate  that  the 
source  has  not  met  the  emissions  limitations  set  forth  in  111(B) 
above  or  any  other  condition  herein,  this  conditional  permit  to  con- 
struct and  operate  shall  upon  written  notification  of  C-b  by  EPA  be 
deemed  void.  EPA  shall  notify  C-b  in  writing  of  its  determination  if 
conditions  of  the  permit  have  not  been  met  and  that  the  permit  is 
deemed  void.  Construction  or  operation  of  the  source  during  is  deemed 
void  is  expressly  prohibited  until  the  permit  is  reinstated  in  writing 
by  EPA.  Performance  test  results  which  exceed  the  emission  limits  of 
III(B)  above  shall  constitute  prima  facie  evidence  in  any  proceeding  to 
enforce  the  terms  of  this  permit  that  the  emissions  from  the  source 
exceed  these  limits. 

H.  Except  as  modified  in  condition  III (0)  -  C-b  shall  install,  calibrate, 
maintain,  and  operate  emission  and  monitoring  devices  and  make  periodic 
reports  according  to  Region  VIII  instructions  (see  attached)  as 
required  by  40  CFR  60.7,  60.13  and  60.45  on  the  steam  boiler. 

Also,  C-b  shall  install,  calibrate,  maintain,  and  operate  emission 
monitoring  devices  and  make  periodic  reports  for  gaseous  sulfur 
concentrations  (including  K2S,  SO2,  CS2,  COS,  RSH,  etc.)  and  gas 
quantities  pursuant  to  the  provisions  of  40  CFR  60.7,  60.8  and  EPA 
Methods  2  and  11  at  the  inlet  and  outlet  of  the  sulfur  removal 
facility  in  order  to  evaluate  the  control  efficiency  of  the  sulfur 
removal  facility  on  a  daily  basis.  Also,  C-b  shall  operate  monitor- 
ing devices  or  methods  which  will  provide  data  in  order  to  make  the 
determination  that  other  conditions  of  the  permit  are  met. 

The  following  definitions  of  excess  emissions  supercede  the 
provisions  of  40  CFR  60.45(g). 

(1)  Opacity  -  excess  emissions  are  defined  as  any  6  minute 
period  in  which  the  average  opacity  of  emissions  exceeds 
20?*  opacity;  except  that  one  6  minute  period  per  hour  of 
not  more  than  27%   opacity  need  not  be  reported. 

(2)  H2S  -  excess  emissions  are  defined  as  any  daily  period  in 
which  the  average  control  efficiency  of  the  sulfur  removal 
facility  is  less  than  99.0  percent  overall  sulfur  recovery, 
the  H2S  average  concentration  exceeds  15  parts  per  million 
volume  on  a  dry  basis  at  zero  percent  oxygen,  and/or  the 
emissions  exceed  those  limits  in  III-B  above. 


(3)  Excess  emissions  of  particulate  and  sulfur  dioxide  from 
the  mine  vent  are  defined  as  any  emissions  which  taken 
on  a  daily  average  exceed  the  emission  limits  in  III (B) 
above. 

I.  C-b  shall  comply  with  all  notification  and  record  keeping 

requirements  of  40  CFR  60.7.  C-b  shall  provide  written  monthly 
summaries  of  the  sulfur  removal  facility  inlet  and  outlet  gaseous 
sulfur  concentrations  (daily  averages)  within  30  days  of  the  last 
day  of  the  calendar  month,  during  the  period  of  retort  burns 
(estimated  to  occur  during  separate  9  month  periods  during  1981 
and  1982). 

J.  C-b  shall  maintain  records  of  the  amount  of  water  used  and/or 
dust  palliative  used  for  purposes  of  fugitive  dust  control  on  a 
monthly  basis  for  a  period  of  at  least  2  years.  Ouarterly  sub- 
mittals of  written  summaries  shall  be  provided  to  EPA  within  30 
days  of  the  last  day  of  the  quarter. 

K.  C-b  shall  for  each  petroleum  storage  vessel  subject  to  40  CFR  60 
Subpart  K  determine  and  record  the  average  monthly  storage 
temperature  and  vapor  pressure  of  the  petroleum  liquid  stored. 
C-b  shall  maintain  records  of  this  information  for  a  period  of  at 
least  2  years. 

L.  Tonnage  of  material  removed  via  shaft  collaring,  sinking  and 

underground  retort  preparation  shall  be  estimated  and  recorded  on 
a  monthly  basis  by  C-b.  The  amount  of  blasting  powder  used  and 
the  blasting  frequency  shall  be  recorded  on  a  monthly  basis. 
Finally  an  estimate  of  the  amount  of  diesel  fuel  and  gasoline 
usage  shall  be  made  on  a  monthly  basis  by  C-b.  All  information 
in  this  part  III-(L)  shall  be  recorded  and  maintained  by  C-b 
for  a  period  of  two  years.  Ouarterly  submittals  to  EPA  shall  be 
made  within  30  days  of  the  last  day  of  the  calendar  quarter. 

M.  No  condition  herein  shall  excuse  the  C-b  Shale  Oil  Venture  from 
complying  with  all  state  or  local  air  pollution  control  require- 
ments; with  air  quality  provisions  of  the  detailed  development 
plan  approved  by  the  USGS  Area  Oil  Shale  Supervisor;  or  of  any 
other  Federal,  State  or  local  air  quality  regulations.  Failure 
of  EPA  to  take  action  pursuant  to  the  terms  of  this  permit  shall 
not  constitute  a  waiver  of  any  of  the  conditions  herein. 

N.  EPA  will  entertain  any  written  application  at  any  time  or  times  from 
C-b  for  a  modification  or  adjustment  of  any  emission  limit  or  other 
condition  imposed  by  this  permit.  The  application  shall  (1)  specify 
each  limit  or  condition  for  which  modification  or  adjustment  is  sought; 
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(2)  provide  specific  details  on  the  extent  and  nature  of  the 
modification  sought;  (3)  provide  specific  data  regarding  why 
the  modification  is  considered  necessary;  (4)  provide  information 
necessary  to  determine  the  environmental  impact  associated  with  such 
modification;  and  (5)  furnish  any  other  information  deemed  necessary 
by  EPA  in  order  to  demonstrate  that  the  intent  of  the  PSD  provisions, 
i.e.,  attainment  of  increments,  NAAOS,  BACT,  etc.,  will  continue  to 
be  satisfied.  EPA  shall  make  a  preliminary  determination  regarding 
the  modification  or  adjustment  sought  within  30  days  of  EFA's  receipt 
of  such  application.  EPA  shall  provide  written  notice  of  its 
findings  and  action  at  the  time  cf  its  determi nation. 

0.  Reporting  requirements  of  excess  emissions  during  periods  of 
startup,  shutdown,  equipment  malfunction  and/or  process  upset- 
are  as  follows.  Notification  by  C-b  to  the  EPA  within  48 
hours  of  discovery  of  upset  conditions  shall  be  provided.  Within 
10  days  of  discovery  all  of  the  following  shall  be  provided  to  EPA 
by  C-b: 

1.  The  identity  of  the  stack  or  other  emission  points  where 
excess  emissions  occurred; 

2.  The  magnitude  of  excess  emissions  expressed  in  terms  of  the 
permit  conditions; 

3.  Pertinent  operating  data  during  the  time  of  upset; 

4.  The  time  and  duration  of  excess  emissions; 

5.  The  identity  of  the  equipment  and/or  process  causing  the  upset 
and  the  suspected  reasons  for  the  upset; 

6.  Steps  and  procedures  taken  during  the  upset  period  to  minimize 
excess  emissions;  and 

7.  Steps  and  procedures  taken  or  anticipated  to  be  taken  to 
prevent  reoccurence  of  the  upset  conditions. 

Information  reported  under  this  condition  need  not  be  duplicated  in 
reports  required  in  III(H).  Nothing  in  this  condition  shall  relieve 
C-b  of  its  obligation  to  insure  maintenance  of  the  NAAQS. 

IV.   GENERAL 

This  permit  is  issued  in  reliance  upon  the  accuracy  and  completeness 
of  the  information  set  forth  in  C-b's  application  (See  Appendix  2)  to  EPA 
for  permission  to  commence  construction  and  operate.  Each  and  every  condition 
of  this  permit  is  a  material  part  hereof  and  is  not  severable. 


3y  commencing  construction  and  operations  pursuant  to  this  conditional 
permit,  C-b  will  be  altering  the  status  quo.  Risk  of  loss  to  C-b  from  the 
inability  to  meet  the  provisions  of  this  conditional  permit  lies  solely  with 
C-b  as  a  result  of  its  acceptance  of  the  benefits  conferred  herein. 
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Appendix  1 
C-b  PSD  Dtermi nation  Documents 

1.  40  CFR  52.21;  Significant  Deterioration  of  Air  Quality; 
December  5,  1974. 

2.  42  USC  7401  et.  seq.  ;  Clean  Air  Act  Amendments  of 
1977;  August  7,  1977. 

3.  September  19,  1977,  letter  from  Mr.  Jeffrey  M.  Gaba  to  Mr. 
Alan  Merson 

4.  October  4,  1977  letter  from  Mr.  Alan  Merson  to  Mr.  Robert  A 
Loucks 

5.  October  3,  1977,  letter  from  Thomas  H.  Truitt  to  Mr.  Alan 
Merson 

6.  October  19,  1977  letter  from  Mr.  Thomas  H.  Truitt  to 
Mr.  Alan  Merson 

7.  October  25,  1977,  letter  from  Mr.  Thomas  H.  Truitt  to 
Mr.  Alan  Merson. 

8.  November  1,  1977  letter  from  Mr.  Alan  Merson  to  Mr.  Thomas  H.  Truit. 


Appendix  2 
C-b  PSD  Review  Materials 


1.  October  14,  1977,  PSD  Application  submittal  cover  letter  from 
Robert  A.  Loucks  to  David  A.  Wagoner  containing  — 

a.  PSD  application  narrative 

b.  Fugitive  Dust  Emission  Permit  Application 

c.  Air  Quality  Control  Plan  for  Tract  C-b 

d.  The  Stretford  Process 

e.  The  application  of  the  Stretford  Process  to  the  purification 
of  natural  gas 

f.  Overall  Project  Guide  Schedule 

g.  Environmental  Monitoring  Program  for  Oil  Shale  Tract  C-b 

h.  Final  Environmental  Baseline  Program,  Volume  3,,  Meteorology 
Air  Quality  and  Noise 

2.  October  24,  1977,  letter  from  Robert  A.  Loucks  to  David  A.  Wagoner 
providing  clarification  on  emissions. 

3.  October  31,  1977,  letter  from  Robert  A.  Loucks  to  David  A.  Wagoner 
providing  clarification  on  emissions. 

4.  Socio  Economic  Assessment  -  Tract  C-b,  Volume  I,  Baseline  Description 
and  Volume  II,  Impact  Analyses. 

5.  Modifications  to  Detailed  Development  Plan,  February  1977. 

6.  Supplemental  material  to  Detailed  Development  Plan  Modifications, 
July  21,  1977. 

7.  December  6  public  hearing  testimony  and  associated  written  materials 
which  are  part  of  the  record. 
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Appendix  3 
EPA  Analyses/C-b 

1.  Memo  -  Thoem  to  C-b  PSD  file  regarding  C-b  PSD  Air  Emissions 

2.  Memo  -  Theom  to  C-b  PSD  file  regarding  Additional  C-b  Detail 

3.  Memo  -  Thoem  to  C-b  PSD  file  regarding  BACT  Determination 

4.  Memo  -  Theom  to  C-b  PSD  file  regarding  Evaluation  of  Proposed  Monitoring 

5.  Memo  -  Thoem  to  C-b  PSD  file  regarding  Associated  Growth  Analyses 

6.  Memo  -  Thoem  to  C-b  PSD  file  regarding  Attainment  of  NAAQS 

7.  Memo  -  Thoem  to  C-b  PSD  File  regarding  visibility 

8.  Memo  -  Henderson  to  C-b  PSD  file  regarding  air  quality  modelling 

9.  Public  Notice  of  Proposed  Conditional  Permit  to  commence  construction 
and  operate  -  c-b 

10.  Public  Notice  —  C-b  —  Notice  of  Hearing  and  Summary  of  Conditions 

11.  Letter  from  Mr.  David  A.  Wagoner  to  Mr.  Craig  Rupp  regarding  Federal 
Land  Managers  air  quality  responsibilities 

12.  Letter  from  Dr.  Cooper  Wayman  to  OSEAP  members  regarding  Federal /State/ 
Local  comment  on  proposed  Conditional  Permit 

13.  Letter  from  Mr.  David  A.  Wagoner  to  Mr.  Robert  A.  Loucks  regarding 
Proposed  Conditional  Permit 

14.  Letter  from  Mr.  David  A.  Wagoner  to  County  and  Local  Officials  regarding 
Proposed  Conditional  Permit. 

15.  Memo  -  Thoem  to  C-b  PSD  file  regarding  C-b  PSD  emissions  -  addenda. 

16.  Memo  -  Thoem  to  C-b  PSD  file  regarding  Associated  Growth  Analyses  -  Addenda, 

17.  Memo  -  Thoem  to  C-b  PSD  file  regarding  Maintenance  of  NAAQS  -  addenda. 

18.  Memo  -  Thoem  to  C-a  and  C-b  PSD  files  regarding  Visibility  Degradation  on 
the  Flat  Tops  Wilderness  Area  -  Addenda. 

19.  Memo  -  Thoem  and  Henderson  to  C-a  PSD  files  regarding  Modelling  for  C-a 
and  C-b  —  Adenda. 

20.  Memo  -  Thoem  to  C-b  PSD  file  regarding  Public  Hearing  Testimony  and 
written  submissions. 


<~ 


r 


APPENDIX  13.0 

Regional  Transportation  and  Population  Studies 
All  Energy  Projects 


* 


APPENDIX  13.0 


Table  of  Contents 


13A  Colorado  West  Transportation  Plan 
13B  Region  XI  Population  Projections 


r 


- 


* 


APPENDIX  13A 


J ApSfe 

f 


1 


Prepared  for  the  Colorado  West  Area  Council  of  Governments 

March,  1980 


By: 

Seattle/Boulder 

In  association  with 
Bowers/Chambiiss 

With  special  assistance  from: 

CH2M-HHI 

Isbill  Associates 

Seattle  Engineering  International 

Kaiser  Engineers 

Dr.  Peter  Loubal 

Mr.  Robert  Kessler 


Colorado  West  Area  Council  of  Governments 


Members  of  the  Board 

Mr.  Flaven  Cerise, 
Chairman 

Mr  Thomas  W  Medeans 
Mrs  Maxine  Albers 
Mr.  Louis  R.  Brach 
Mr.  Don  Clifton 
Mr.  John  Harding 
Mr.  Tim  Schultz 
Mr.  Charles  Tate 
Mr.  Robert  Demos. 
Executive  Director 

Mr.  Richard  Bauman, 
Consultant  tor  Transportation 

Transportation  Steering  Committee 

Mrs.  Maxine  Albers 

Mesa  County  Commissioner 

Mr.  Bill  Brennan_ 

Mr.  Don  Clifton 

Moffat  County  Commissioner 

Mr.  Robert  Oemos 
Colorado  West  Area  CCG 

Mr.  Dale  Hollmgsworth. 
Director.  Grand  Junction 
Chamber  of  Commerce 

Mr.  Richard  Jolley 

Garfield  County  Commissioner 

Mr.  Keith  Lindsay 
C-b  Oil  Shale  Venture 


Mr.  Ira  McKeever 
Colowyo  Coal  Company 

Mr.  DicK  Prosence? 

District  Engineer. 

State  Highway  Department 

Mr.  Steve  Schmitz 

Socio-Economic  Impact  Coordinator 
Department  of  Local  Affairs 

Mr.  Tim  Shultz 

Rio  Blanco  County  Commissioner 

Mr.  Bill  Todd 

Division  of  State  Highways 


Policy  Advisory  Committee 

Mrs.  Maxine  Albers 
Mr.  Harvey  Atchison 
Mr.  Joe  Carpenter.  Sr. 
Mr  Jim  Cloninger 
Mr.  Don  Cooper 
Mr.  Richard  Jolley 
Mr  Kenneth  Kenny 
Mr  JacK  Kinstlinger 
Mr  K.  C.  Linsay 
Mayor  Floyd  McDaniel 
Mr   Ernest  McMain 
Mr   Steve  Montz 
Mr  Harry  Pforzneimer   III 
Mrs  Jane  QutmDy 
Ms  Peggy  Rector 
Mr  Steve  Schmitz 
Mr  Claude  Shults 
Mr  Jonn  S  Sterrett 
Mr   Charles  Sullivan 
Mayor  Jerry  Thompson 
Mr   Larry  Velasquez 
Mr  Dan  Wagner 
Mr  Jim  Wysocki 
Mr   Robert  Young 


Technical  Advisory  Committee 

Ms.  Stephanie  Andreasen 

Mr.  Richard  Bauman 

Mr   Bill  Benson 

Mr  Leonard  Bowlby 

Mr.  Dick  Martin 

Mr  Jim  Fankonin 

Mr  Aaam  Poe 

Mr  Dick  Prosence 

Mr.  Jack  Raley 

Mr.  Duane  Renoorg 

Mr  James  Speiman 


1 


Table  of  Contents  Page 

Executive  Summary  5 

1  Introduction  9 

I  Purpose 

National  Perspectives  on  Energy 
j  Local  Activity 

Public  Participation 

2  Todays  Travel  -"""'  15 
Highway  Network 
Raii  Network                      * 
Air  System                   * 
Transit  Service 
Pipeline  and  Transmission  Corridors 

3  The  Region's  Population  and  Employment  21 

The  Setting 
Existing  Population 
Present  Energy  Activity 
Growth  Scenario 
Alternative  Settlement  Patterns 
Product  Estimates 

4  Tomorrows  Travel  Needs  27 

Transportation  Assumptions 

Projected  Travel  Needs 

Impact  of  Low  and  High  Scenarios 

5  Transportation  Alternatives  37 

Highway 
Transit 
Rail 

Pipeline 
Air  System 

6  Recommendations  41 

Policy  Recommendations 

Summary  of  Transportation  System  Recommendations 

Recommendations  by  Responsible  Agency 

Financial  Considerations  

Tables  Chapter 

A  Present  County  and  City  Roadway  Funding  (Calender  Year  1978)  2 

B  Characteristics  of  Study  Area  Airports 

C  Regional  Growth  Scenarios  3 

D  Year  2000  Population  Projections 

>    E  Projected  Population  Change  By  Community 

F  Projected  Rail  Volume  of  Colorado  West  Coal  4 

G  Additional  Pipeline  Needs  Resulting  From  Shale  Development 

H  1977  Sufficiency  Rating  Comparison 

I  Summary  —  Proposed  Carbondale  Air  Carrier  Airport  5 

J  Recommended  Roadway  Improvement  Needs  6 

K  Roadway  Improvement  Neeas  By  County 

L  Recommended  Airport  Improvements 

M  Recommended  Rail  Improvements 

~N  Finance  Options  Regarding  Transit 


Figures  Chapter 

1  Major  Study  Activities  1 

2  Study  Area 

3  U.S.  Energy  Consumption  by  Year 

4  U.S.  Energy  Consumed  Per  Person 

5  U.S.  Energy  Consumption  by  Source 

6  U.S.  Energy  Production  by  Source 

7  Trend  of  U.S.  Oil  Consumption  by  Source 

8  History  of  Coal  Production  in  Colorado  West  Counties 

9  Existing  Regional  Roadway  Network,  Rail,  and  Air  Systems  in  2 
The  Study  Area 

1 0  Traffic  Volumes  —  1 978  Annual  Average  Daily  Traffic 

11  Relative  Highway  Traffic  Growth  at  Selected  Locations 

12  Study  Area  Roadway  Improvements  Programmed  by  The  State  of 
Colorado 

13  Growth  of  Rail  Traffic 

14  Trend  of  Annual  Passenger  Boardings  at  Walker  Field 

15  Annual  General  Aviation  Operations  at  Selected  Airports 

16  Existing  Transit  Service  Systems 

17  Oil  and  Gas  Facilities  and  Electric  Transmission  Corridors 

18  General  Location  of  Coal.  Oil  Shale,  and  Uranium  3 

19  Present  Regional  Population  by  County 

20  Major  Energy  Development 

21  Basic  Energy  Worker  Estimates  —  Scenario  II  and  III 

22  Estimated  Future  Coal  Production 

23  Estimated  Future  Oil  Shale  Production  P 

24  Existing  and  Estimated  Year  1985  Traffic  Volumes  (Scenario  II) 

25  Existing  and  Estimated  Year  2000  Traffic  Volumes  (Scenario  II) 

26  Year  1985  and  2000  Loaded  Energy  Trucks  (Scenario  II) 

27  Total  Accident  Rate  Per  Million  Vehicle  Miles 

28  Hinhway  Needs  1 980  - 1 985 

29  Aaditional  Major  Hignway  Needs  1986  -  2000 

30  Roadway  Sufficiency,  1977.  Rated  As  Worse  Than  Fair 

31  Year  1985  and  2000  Estimated  Traffic  Volumes  (Scenario  III) 

32  Roadway  Access  Plan  5 

33  Percentage  Increase  in  Daily  Trips  Resulting  From  Minimum 
Transit  Program 

34  Year  2000  Loaded  Energy  Trucks  (Scenario  II)  —  Links  Impacted 
Assuming  No  Rail  Extension 

35  Year  2000  Loaded  Energy  Trucks  (Scenario  III)  —  Links  Impacted 
Assuming  No  Rail  Extension 

36  Highway  Needs  1980  -  1985  6 

37  Additional  Major  Highway  Needs  1986  -  2000 

38  Roadway  Needs  to  Meet  Scenario  II  Energy  Development 

39  Highway  Needs  vs  Projected  Revenues  Through  Year  2000 


1 

I 


I 


I 


* 


The  Colorado  West  Transportation  Plan  deals  with  the  impacts  of 
increased  energy  development  on  the  regional  transportation 
systems  of  Garfield,  Mesa,  Moffat  and  Rio  Blanco  Counties  in 
Northwest  Colorado.  Included  in  its  transportation  concerns  are  the 
regional  highway  network,  the  airports,  and  because  of  their 
importance  to  the  hauling  of  products,  the  rail  and  pipeline  systems. 
While  the  emphasis  is  on  regional  impacts  of  energy  development, 
the  continuing  needs  of  recreational,  industrial  and  agricultural 
activities  are  built  into  the  process. 

The  regional  problem  is  one  of  great  complexity.  There  are  wide 
ranges  of  expectations  for  energy  development  and,  at  least 
theoretically,  there  is  a  wide  range  of  transportation  alternatives  — 
truck,  ccai  slurry  pipelines,  oil  pipelines,  air,  rail  and  almost  an 
endless  variety  of  combinations  in  between. 

The  Colorado  West  Transportation  Plan  final  report  is 
intentionally  brief.  Our  objective  is  to  provide  a  simple, 
straightforward  guide  to  policy  and  potential  actions  in  the  four 
counties,  and  not  to  add  to  the  complexity  of  the  situation. 

For  readers  wanting  more  detailed  backup  information,  there  are 
two  supporting  documents: 

Technical  Notebook.  This  provides  details  of  data  and  analyses  used 
in  preparing  this  summary  report. 

Piceance  Creek  Roadway  Report  This  technical  document 
describes  the  analysis  of  alternative  routes  in  the  Piceance  Creek 
Basin. 

The  impact  of  energy  development  on  the  regional  roadway  system 
will  be  significant.  In  particular  the  potential  for  a  high  number  of 
heavily  loaded  energy  trucks  to  deteriorate  pavement  structure, 
increase  congestion  and  impact  the  existing  communities  will  arrive 
concurrent  with  energy  development.  The  need  to  transport 
employees  from  their  homes  in  existing  settlements  to  remote  energy 
development  sites  will  place  increasing  volume  demand  on  the 
capacity  of  the  existing  roadways. 

The  Colorado  West  Transportation  Plan  documents  the  impacts 
and  identifies  the  future  transportation  needs  of  the  region.  As  an 
overview  of  the  report's  contents  and  findings,  a  chapter-by-chapter 
summary  follows. 

Chapter  1.  Introduction 

This  chapter  provides  a  background  perspective  on  why  this 
particular  study  was  done.  U.S.  energy  consumption  continues  to 
increase  while  our  production  is  declining.  The  problems  of  higher 
-  levels  of  energy  import  lead  to  political  and  economic  pressure  to 


develop  alternative  available  sources  in  the  U.S.  With  their  large 
resources  of  coal,  oil  shale,  oil.  gas.  uranium  and  other  minerals. 
Garfield.  Mesa,  Moffat  ana  Rio  Blanco  Counties  become  a  center  of 
vital  national  interest. 

Chapter  2.  Today's  Travel 

This  chapter  describes  the  existing  system  of  roadways,  airports,  rail 
and  pipelines.  Travel  growth  rates  in  this  region  are  higher  than 
average,  and  reflect  energy  development  already  underway. 

Chapter  3.  The  Region's  Population  and  Employment 

The  purpose  of  this  chapter  is  to  describe  alternative  "scenarios "  of 
growth.  These  scenarios  become  the  basis  in  later  chapters  for 
estimating  future  travel  needs.  Three  different  scenarios  of 
population  and  employment  growth  for  each  of  the  four  counties 
were. developed  and  related  to  levels  of  energy  resource, 
development.  These  are  summarized  below  for  1985  and  2000. 


Regional  Growth  Scenarios  —  Garfieid,  Mesa,  Moffat,  and  Rio 

Bianco  Counties                                                 _            _ 

Energy  Production 

Level 

Regional 
Population 

"Energy" 
Employment 

Coal 
Tons/Yr. 

OH  Shale 

Barren,  Day 

Today 

1979 

115.C00 

3.900 

7  million 

0 

Future: 

Scenario  1 

1985 

145.000 

* 

* 

0 

2000 

225. CQ0 

» 

* 

0 

Scenario  II 

1985 

190.000 

10.500 

17  million 

42.C00 

• 

2000 

275.000 

10.200 

19  million 

205.C00 

Scenario  III 

1985 

225.000 

23.200 

26  million 

100.000 

2000 

360.000 

26.500 

34  million 

640.C00 

'No  seoarate  projections  were  maae 

Chapter  4.  Tomorrow's  Travel  Needs 

The  purpose  of  this  chapter  is  to  describe  the  impact  of  projected 
growth  on  the  region's  probable  transportation  system.  Because  it 
represents  a  more  likely  set  of  events  than  either  of  the  extremes,  the 
"mid-range"  Scenario  II  is  used  as  the  basis  for  these  comparisons. 
This,  and  the  next  chapter,  test  the  validity  of  certain  assumptions 
about  the  transportation  network.  The  most  important  of  these 
assumptions  were: 

1.  Personal  transportation  in  the  region  will  still  depend  primarily 
on'the  private  automobile,  but  for  certain  kinds  of  trips. 
increasing  emphasis  is  placed  on  carpool  and  vanpoois. 

2.  Because  of  the  long-term  economic  advantages  of  pipelines. 
crude  oil  products  from  oil  shale  will  move  by  pipeiine  Trucks 
may  be  used  during  initial  operations  and  for  seme  of  the 
by-products. 

3.  In  general,  coal  will  move  cut  of  the  region  by  rail.  Long  cistance 
haul  by  truck  is  too  expensive  and  market  conditions  won't 
support  coal  slurry  pipelines. 

4.  Because  of  the  volume  of  products,  rail  service  extensions  to 
Lay  (underway)  and  to  the  Superior  site  were  assumed. 


• 
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A  computer-based  process  —  TDA/TANDEM  —  was  used  to 
project  future  travel  loads  on  the  future  transportation  network. 
Dramatic  increases  in  highway  traffic,  particularly  heavy  truck  traffic, 
create  need  for  a  continuing  program  of  widening  and  repaving  of 
the  State  Highway  network,  increased  need  for  urban  bypasses  and 
need  for  significant  improvements  in  rail  and  pipeline  capacity. 

Chapter  5.  Transportation  Alternatives 

This  chapter  discusses  variations  to  the  projected  future  highway, 
transit,  rail,  pipeline  and  air  systems.  Included  is  an  analysis  of 
alternative  roadway  patterns  serving  the  Piceance  Creek  Basin.  In 
general,  this  chapter  explains  why  variations  such  as  coal  slurry 
pipelines  and  air  freight  were  found  not  to  be  workable. 

Chapter  6.  Recommendations 

This  chapter  describes  specific  recommendations  for  each  of  the 
major  systems. 

1.  For  highways,  there  should  be  a  regional  highway  improvement 
program  totalling  about  S220  million  (in  1979  S)  through  the  year 
2000.  However,  of  more  importance  is  the  identified  need  for 
approximately  S75  million  (in  1979  S)  between  now  and  1985. 
Specific  projects  and  their  timing  are  identified  in  Table  J  of 
Chapter  6.  In  addition,  the  counties  should  adopt  a  roadway  plan 
for  roads  in  the  Piceance  Creek  Basin,  even  though  current 
projections  do  not  justify  construction  of  these  roads  now. 

2.  Because  transit  is  an  important  element  in  minimizing  the 
impact  of  energy  development,  a  regional  transit  development 
plan  should  be  prepared  covering  ail  developing  areas  and 
intercity  connections. 

3.  Air  System.  About  $45  million  worth  of  airport  improvements  are 
recommended  to  bring  the  region's  airports  into  a 
recommended  system  plan: 

•  Grand  Junction  (Walker  Field):  larger  air  carrier  airport 

•  Hayden:  small  air  carrier  airport 

•  Rifle/Garfield  County:  commuter  service/small  air  carrier 

•  Craig:  commuter  service 

•  Meeker:  commuter  service 

•  Rangeiy:  commuter  service 

4.  The  rail  system  should  extend  to  Superior  by  1990.  This  is  vital 
because  of  the  favorable  impact  the  rail  line  will  have  on 
reducing  highway  volumes  on  key  highway  links  and  through 
towns. 

5.  Pipelines.  As  closely  as  possible,  construction  of  pipelines 
should  be  completed  on  the  same  schedule  as  opening  of  oil 
shale  plants  for  other  than  pilot  plant  productions. 

These  overall  system  recommendations  are  followed  by  specific 
recommended  actions  for  each  of  the  major  responsible  agencies 
including: 

•  The  Colorado  West  Area  Council  of  Governments 

•  The  Counties 

•  The  Cities  and  Towns 

•  Colorado  Department  of  Highways 
__  ,     •  Energy. Projects 

•  Federal  Agencies 


The  last  sect.ion  of  "Recommendations"  defines  a  general 
approach  to  a  financing  strategy.  The  recommended  approach  to        4 
assignment  of  financial  responsibility  is: 

1.  The  direct  energy  needs  should  be  supported  by  the  energy 
projects  themselves.  Whether  that  payment  comes  from  the 
private  energy  developer  or  the  Federal  Government  depenas  in 
large  measure  at  the  national  level  on  the  degree  to  which  our 
national  synthetic  fuels  program  will  move  ahead  in  the  private 
sector  versus  how  much  it  will  be  a  Federal  energy  program. 

2.  In  the  long  run,  the  existing  local  and  state  tax  structures  may  be 
able  to  pay  for  the  indirect  energy  costs  of  providing 
transportation  services  to  a  growing  population.  However,  the 
schedule  of  development  may  well  be  more  nearly  related  to 
national  needs  than  Ihs  ,w~al  area's  ability  to  absorb  that 
growth.  The  costs  of  serving  rapid  growth  are  higher  than  those 
of  a  more  orderly  pace  and  the  costs  occur  much  more  quickly 
than  do  the  local  and  state  revenues  that  will  be  derived  from 
that  growth.  Therefore,  the  energy  projects,  whether  by  private 
or  Federal  money,  should  reasonably  help  support  both  the 
extra  costs  of  rapid  growth  and  the  cash  flow  problems  of 
income  lagging  behind  expense.  The  highway  needs  present  a 
clear  example  of  the  financing  problem.  It  is  estimated  that 
existing  sources  will  not  be  able  to  meet  even  one-fourth  of  the 
expected  needs. 
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1        Introduction  ,— 

Purpose 

The  four  northwest  counties  ofColorado  —  Mesa.  Garfield,  Rio 
Blanco  and  Moffat  —  hav :-  r.i^zori^auj  zjlz.u  :/  sir  ecc.vcmy  on 
agriculture  and  tourism.  However,  this  study  is  not  stimulated  by  the 
needs  of  those  activities,  but  by  present  U.S.  energy  problems  and 
the  natural  energy  resources  of  these  counties.  These  four  counties 
have  a  major  share  of  the  U.S.  oil  shale  resources.  In  addition,  there 
are  vast  resources  of  high  quality  coal  and,  to  a  lesser  extent, 
resources  of  oil,  natural  gas,  and  uranium. 

As  U.S.  energy  needs  increase  and  as  traditional  resources 
decline,  pressure  for  development  of  Northwest  Colorado  resources 
will  increase.  The  purpose  of  this  study  is  to  address  i'ne 
transportation  needs  resulting  from  increased  energy  extraction  from 
these  four  counties. 

The  most  important  study  activities  have  consisted  of 
making  projections  of  future  energy  development,  developing  a 
system  for  relating  these  projections  to.travel  needs  for  both  persons 
and  goods,  identifying  the  impact  of  these  needs  on  the  existing 
transportation  system  and  recommending  system  improvements.  See 
Figure  1. 

The  focus  has  been  on  those  portions  of  the  four  counties  with 
active  or  potential  energy  development.  This  study  area  is  shown  in 
Figure  2. 

Figure  1  Major  Study  Activities 
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National  Perspectives  on  Energy. 

Major  development  in  this  region  depends  on  national  decisions 
concerning  energy.  Therefore,  it  seems  appropriate  to  set  a  brief 
perspective  on  national  energy  requirements. 

U.S.  total  energy  requirements  have  increased  rapidly.  Figure  3 
shows  the  increase  in  total  energy  consumption  from  1925  through 
1978.  This  energy  requirement  has  been  a  result  not  only  of 
increasing  population  but  also  of  increasing  consumption  per 
person.  Figure  4  illustrates  the  per  capita  increase  in  energy 
requirements  from  1925  through  1978.  During  this  period  the  per 


capita  consumption  has  doubled  to  the  equivalent  of  about  six 
gallons  of  oil  per  day.  Figure  5  summarizes  the  sources  from  which 
the  U.S.  has  met  these  energy  requirements.  Crude  oil  and  natural 
gas  have  become  increasingly  important.  In  contrast.  Figure  6  shows 
our  own  U.S.  energy  production  by  source.  Since  1970  U.S. 
'"production"  has  dropped,  in  spite  of  the  continued  rise  in 
"consumption."  The  difference  represents  net  imports.  Figure  7 
shows  our  increasing  dependence  on  foreign  oil.  Today,  aoout  half 
of  our  petroleum  needs  are  satisfied  with  imports. 

Figure  3  U.S.  Daily  Energy  Consumption  by  Year 
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Figure  4  U.S.  Daily  Energy  Consumed  per  Person 
(In  Equivalent  Barrels  of  Oil) 
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Figure  5  U.S.  Energy  Consumption  by  Source 
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Source:  TDA  From  Published  Sources 


Figure  6  U.S.  Energy  Production  by  Source 
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Figure  7  Trend  of  U.S.  Oil  Consumption  by  Source 
(Domestic  &  Import) 
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Source:  TDA  From  Statistical  Aostract  of  U.S.,  1978.  &  Energy  Future.  Random 
House.  1979. 


The  U.S.  has  experienced  two  recent  energy  "crises"  related  tv. 
these  imports.  The  first  came  in  1973-1974  with  the  first  Arab 
embargo  on  oil  shipments.  This  led  to  President  Ford's  "Project 
Independence."  In  1979  the  Iranian  revolution  and  the  resulting  drop 
in  Iranian  oil  exports  triggered  the  current  "crisis."  President  Carter, 
in  July  1979,  announced  a  program  that  would: 

•  Limit  and,  later,  reduce  oil  imports. 

•  Develop  alternative  sources  of  energy,  including  coal,  oil  shale 
and  solar. 

•  Establish  a  conservation  program. 

•  Encourage  utilities  to  use  fuels  other  than  oil. 

Of  particular  significance  to  the  four  northwest  corner  counties 
of  Colorado  is  the  program  for  development  of  synthetic  fuels.  Of 
eight  oil  shale  facilities  recommended  in  the  President  s  program,  up 
to  six  could  be  in  Garfield  and  Rio  Blanco  Counties.  One  of  the  41 
potential  sites  identified  by  the  U.S.  Department  of  Energy  for  coal 
liquefaction  is  in  Moffat  County. 

Local  Activity 

After  a  dormant  period,  coal  activity  in  the  four  nortnwest  counties  is 
booming.  Figure  8  illustrates  coal  extraction  from  these  counties 
from  1940  to  1978.  Production  for  1979  is  estimated  at  about  7 
million  tons.  (Note:  this  includes  Anschutz  and  Mid-Continent  coe. 
mine  production  from  Pitkin  County  which  impacts  the  Study  Area). 
Several  major  energy/coal  companies  in  the  U.S.  have  lease 
properties  in  the  four  northwest  counties.  Coal  in  this  area  is  of  high 
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quality  —  low  sulphur  and  high  BTU.  Demand  for  this  ccal  is  heavily 


H-^  ir>Hi-'   -i; 


•  Local  demand  within  the  State  of  Colorado. 

•  Transportation  costs  to  major  markets. 

•  Environmental  requirements  and  the  degree  to  which  they 
emphasize  the  need  for  high  quality,  low  sulphur  coal. 

•  Other  alternative  energy  sources  and  the  status  of  particular 
development  with  respect  to  the  permit  and  leasing  procass 

Figure  3  History  of  Coal  Production  in  Colorado  V/est  Counties 
(Garfield,  Mesa,  Moffat  and  Rio  Blanco) 
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Colorado  coal  must  compete  with  the  low-cost,  but  lower-quality 
coals  of  the  Powder  River  Basin  in  Wyoming.  Because  transportation 
costs  weigh  heavily  in  coal's  total  cost  at  the  marketplace,  Colorado 
coal  must  compete  with  other  resources  closer  to  major  markets: 
coal  reserves  of  Utah  to  the  west,  lignite  in  the  southwest  and  coal  to 
the  east  in  Illinois  and  through  the  Appalachia  area. 

Oil  shale  has  been  in  a  budding  stage  for  decades;  it  perpetually 
is  about  to  blossom.  The  first  pioneering  efforts  to  extract  petroleum 
from  oil  shale  began  in  this  area  at  least  60  years  ago.  During  World 
War  II,  the  Bureau  of  Mines  embarked  on  the  Anvil  Points  Project 
near  Rifle,  Colorado.  Additionally,  the  Union  Oil  Company  operated  a 
pilot  plant  in  the  Parachute  Creek  Drainage  during  the  1950s.  The 
economics  of  oil  shale  have  remained  elusive  ever  the  years.  To  date, 
limited  plant  development  type  operations  have  Deen  pursued. 

Public  Participation 

This  study  has  been  guided  by  a  Transportation  Steering  Committee 
(TSC).  This  committee,  representative  of  several  interests  in  the 
"region,  has  worked  with  the  planning  team  throughout  the  course  of 
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the  study.  Meeting  with  the  consulting  team  approximately  six  times 
during  the  course  of  the  analysis,  the  TSC  has  acted  as  a  sounding 
board  for  the  planning  team,  advising  on  the  suitability  of  the 
direction  of  the  effort. 

In  addition,  public  forums  have  been  held  in  each  of  the  'cur 
counties.  The  first  round  of  forums,  held  during  March  of  1979. 
sought  public  input  on  major  issues.  The  second  round,  held  during 
September  of  1979,  reviewed  the  major  study  findings  and 
recommendations. 
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2        Today's  Travel 

This  chapter  summarizes  the  region's  existing  transportation  system, 
its  current  use,  planned  changes,  and  present  funding. 

Highway  Network 

Regional 

The  regional  roadway  network  is  summarized  in  Figure  9.  The  region 
is  served  by  two  U.S.  numbered  routes  in  the  east/west  direction  — 
1-70  on  the  south  and  U.S.  40  to  the  north.  Colorado  State  Highway 
routes  13,  82,  and  139  are  the  main  north /south  routes. 

Figure  10  summarizes  existing  traffic  volumes  on  the  regional 
roadway  network.  Figure  11  shows  the  travel  growth  rates  for  a  few 
key  locations  in  the  region  and  compares  them  with  statewide 
averages.  Note  that  since  1970,  traffic  growth  in  the  region  has  been 
higher  than  the  statewide  average. 

Figure  11   Relative  Highway  Traffic  Growth  at  Selected  Locations  1954-1978 
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Current  Highway  Department  exoenditures  for  improvements  to 
non-interstate  state  highways  in  this  area  are  in  the  S2  -  S3  million 
annual  range.  These  expenditures  do  not  reflect  maintenance, 
administration,  and  miscellaneous  expenditures,  which  are  typically 
in  the  SV2  -  S1  million  annual  range. 

The  Five  Year  Highway  System  Construction /Improvement 
Program  (1980-1984)  details  programmed  State  Highway 
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improvements  throughout  the  state.  These  are  projects  for  which  the 
major  decisions  have  been  made  and  which  have  become  part  of  thr 
program  of  implementation.  Within  the  study  area,  these  projects 
over  the  next  five  years  include  completion  of  1-70  from  Anvil  Points. 
west  of  Rifle,  to  DeBeque  Canyon  and  widening  of  segments  of  State 
Highways  13.  82,  and  146.  Also,  construction  will  be  under  way  on 
I-70  in  Glenwood  Canyon.  The  locations  of  these  programs  are 
shown  in  Figure  12.  Costs  are  shown  in  Table  J  in  Chapter  6. 

Local 

Supplementing  the  regional  roadway  network  is  the  local  roadway 
system  of  country  roads  and  city /town  streets.  In  1978, 
approximately  $1 1  million  were  expended  on  roads  and  streets  by  the 
counties  and  the  cities  in  the  four  counties.  This  total  includes 
construction,  maintenance,  administration  and  other  expenditures. 
Table  A  breaks  the  total  down  by  County,  City,  and  source  of  funds. 
Because  this  report  is  regional  in  scope,  overall  needs  at  the  local 
level  are  not  specifically  identified  herein.  However,  it  is  assumed 
that  the  local  roadway  system  will  continue  to  be  expanded  and 
maintained  subject  to  fiscal  limitations  and  local  decision-making 
processes. 

Table  A        Present  County  and  City  Roadway  Funding  (Calendar 
Year  1978) 


Source 

• 

Local 
Funds 

Colorado 

Highway 

User  Tax 

Fund 

Federal 
Assistance 

Other 

TOT. 

County  Roads 

Garfield  County 

231.571 

600.650 

251,869 

113.993 

1  198.083 

Mesa  County 

578.934 

1. 403.204 

496.327 

253.316 

2.735.331 

Moffat  County 

485.564 

1.057.951 

182.512 

300.792 

2.025.829 

Rio  Blanco  County 

221,388 

•   707,376 

191.318 

29.951 

1.151  033 

Town  &  City  Streets 

Caroondale 

47.323 

9.568 

25.700 

47.511 

130.602 

Collbran 

4.301 

2,130 

3,121 

9.552 

Craig 

396  099 

-     47.3*77 



72.360 

515,335 

DeBeque 

3.C42 

2.049 

3.394 

2.690 

11.175 

Dinosaur 

2.276 



1.432 

3.708 

Fruita 

116.807 

13.351 

21.864 

8.350 

160.702 

Glenwood  Springs 

217.936 

26.157 

-- 

10.C34 

254.127 

Grand  Junction 

1.848  970 

152.807 

,97.505 

490  705 

2.569.987 

Grand  Valley 

1 

2.561 



1.216 

3.873 

Meeker 

24.508 

12.543 

7,500 

12.313 

56  364 

New  Castle 

5.615 

2.359 

— 

3.149 

1 1 . 1 23 

Palisade 

31  611 

5.738 

— 

11.350 

•13  699 

Rangely 

59.054 

— 

11.547 

"0.701 

Rifle 

149.651 

13.181 

32.633 

3  430 

203  995 

S*ll 

2.784 

4  985 



4  "71 

'2.540 

TOTAL 

4.426  209 

4.Q67  073 

1.310.672 

1.390.311 

n  194.755 

Source  Colorado  Department  of 

Highways 

Rail  Network 

The  rail  network  in  the  region  is  shown  in  Figure  9.  The  main 
east-west  line  of  the  D&RGW  parallels  1-70  along  the  Colorado  River. 
Another  major  D&RGW  line  serves  the  region  through  Craig.  These 
lines  connect  to  the  Eastern  Slope  through  the  Moffat  Tunnel  and 
over  Tennessee  Pass. 
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Existing  Regional  Roadway  Network,  Rail,  and 
-Air  Systems  in  the  Study  Area 
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Study  Area  Roadway  Improvements  Programmed  by  the 
Stafe  of  Colorado.  1930-1984. 


Recent  trends  of  freight  traffic  on  the  C&RGW  lines  are  shown  in 
Figure  13.  Note  that  while  this  traffic  has  remained  generally 
constant  en  :,:e  Colorado  River  iine,  it  has  increasea  dramatically  en 
the  Craig  line. 

The  D&RGW  has  recently  renovated  the  Craig  line  with  heavy 
rail,  centralized  traffic  control  and  added  sidings.  Extension  of  the 
D&RGW  spur  line  from  Craig  to  the  COLOWYO  mine  was  completed 
in  1979.  Currently,  the  D&RGW  is  proceeding  to  build  a  spur  west 
from  Craig  towards  Lay. 

There  has  been  discussion  of  a  Union  Pacific  line  coming  down 
from  Wyoming  into  the  area  west  of  Craig.  The  UP  has  done  some 
investigation  of  this  possibility;  however,  information  developed 
during  this  analysis  indicates  that  currently  there  are  no  plans  to 
proceed. 

In  general,  rail  facilities  are  privately  financed,  except  for  some 
right-of-way  easements  and  leases  on  public  land. 

Figure  13  Growth  of  Rail  Traffic 
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Air  System 

Aviation  services  for  the  study  area  are  provided  by  seven  key 
airports.  As  shown  in  Figure  9.  these  are  located  at  Grand  Junction 
(Walker  Fieid).  Haycen  (Yampa  Valley.  Rcutx  County),  Craig 
(Craig-Moffat  County).  Rifle  (Garfield  County).  Meeker  (Meeker), 
Rangely  (Rangely),  ana  Aspen  (Sardy  Field,  Pitkin  County). 

Grand  Junction  s  Walker  Field  is  the  principal  aviation  facility 
serving  the  study  area  and  is  one  of  three  airports  providing 
certificated  air  carrier  service.  Its  key  facilities  include  an  airport 
traffic  control  tower  (ATCT).  a  precision  instrument  landing  system 
(ILS),  and  an  on-site  flight  service  station  (FS3).  Its  primary  runway 
can  nandle  jet  aircraft  in  the  3-737  anc  8-727  family.  Larger  DC-3 
aircraft  have  utilized  Walker  Field  under  ski  charter  operation. 
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Yampa  Valley  Airport  in  Hayden.  Routt  County,  is  also  an  air 
carrier  airport.  Although  not  physically  located  within  the  study  area. 
Hayden  s  service  area  extends  into  Moffat  County.  Frontier  Airlines 
serves  Hayden  with  Convair  580  aircraft. 

Similarly.  Sardy  Field  in  Aspen.  Pitkin  Ccunty.  also  an  air  carrier 
airport  and  also  not  physically  located  within  the  study  area,  has  a 
service  area  which  extends  into  Garfield  County.  It  has  key  facilities 
such  as  an  airport  traffic  control  tower  (ATCT)  and  a  privately  owned 
microwave  landing  system  (MLS).  Scheduled  service  to  Sarcy  Airport 
is  provided  on  Convair  580  and  DASH  7  aircraft. 

The  remaining  four  airports  at  Craig.  Rifle.  Meeker  and  Ranceiy 
are  non-air-  carrier  facilities.  Craig  has  air  commuter  service  at  this 
time,  while  the  others  are  general  aviation  facilities  only. 

Table  B  summarizes  key  service  and  operational  characteristics 
of  these  airports. 

Figure  14  shows  the  growth  trend  of  air  passenger  travel  at 
Grand  Junction's  Airport. 

Figure  15  shows  the  trend  of  general  aviation  operations 
(take-offs  and  landings)  at  select  airports  in  the  region. 

Airport  expenditures  are  highly  variable,  depending  heavily  en 
commitments  of  Federal  funds  by  the  FAA  to  specific  projects.  Mcst 
of  the  region's  aircorts  have  completed  master  clans  for  upgrading. 
The  schedule  rcr  d;eac  i. «s.w.*w. •er.-.^.ikS  ^5r;si;us -,-c;,  .".--_    '     -r-n 
Administration  funding  approval.  Specific  needs  are  described  in 
Chapter  4. 


Table  B    Characteristics  of  Studv  Area  Aircorts 


Estimated' 

Service* 

Total  Aircraft 

Level, 

Operations  (thou« 

Runway 

Location 

1979 

sands) 1973 

Length,  reet 

Comments 

Grand  Junction 

AC 

81 

1  (§10.500 

1  (i   5.365 

ATCT 
ILS 

r;3 

Hayden 

AC 

22 

7.000 

Cr3ig 

cs 

13 

5.6CO 

Rifle 

GA 

15 

5.155 

Meeker 

GA 

27 

4.500 

Rangely 

GA 

45* 

1  fa  4.500 
T  ta  2.4C0 

Aspen 

AC 

45 

6.0C0 

ATCT 
MLS 

Legend:    AC  =»  Air  Carrier  (certificated) 
CS  ■  Commuter  Service 
GA  ■  General  Aviation 
ATCT  -  Airport  Traffic  Control  Tower 
.  ILS     *  Instrument  Landing  System 
MLS  =  Microwave  Landing  System 
rSS  ■  Fhgnt  Service  Station 

1  Pnnaoai  Source   rAA  Airccrt  Master  decora   Form  30*0-*    1978 

2  Aoorcximatety  SQ'i  of  Rangeiy  s  operations  are  generated  pv  :ne  ccmmunity  conege  s  Sf-cert 
pilot  program. 
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Figure  14   Trend  of  Annual  Passenger  Boardings  at  Walker  Field 
(Certificated  Air  Carriers  Only) 
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Figure  15  Annual  General  Aviation  Operations  at  Selected  Airports 


so 


c        60 


40  - 


1960 


WALKER  FIELD 


•     RANGELY 


•  ••e, 


•-••a* 


yw" 


YAMPA  VALLEY (HAYCEN) 


i:us* 


1970 
Year 


i960 


Source:  TOA 


19 


Transit  Servica 

Figure  16  shows  the  location  of  existing  transit  service  systems. 
Intercity  public  transportation  service  is  provided  in  all  of  the  major 
highway  corridors,  except  for  the  Coloraao  State  Highway  64  and  Uj 
routings.  Rangely  is  thus  isolated  from  the  rest  of  the  region  from  an 
intercity  bus  transportation  standpoint.  Specialized  elderly  and 
handicapped  transportation  services  are  provided  by  a  number  of 
social  service  agencies  throughout  the  region. 

Transit  services  are  being  supported  by  several  private 
organizations.  Employers  providing  transit  services  include 
Mid-Continent  Coke  and  Ccai.  Rio  Blanco  Oil  Shale  Project  (Ca)  and 
Occidental  Oil  Shale  Inc.  (Cb).  Funding  of  specialized  elderly  and 
handicapped  services  is  provided  through  a  combination  of  local 
contributions  and  grants  from  Federal  programs.  Roughly  Si  CO. 000 
are  expended  annually  in  providing  these  elderly  and  handicapped 
services  throughout  the  region.  Intercity  service  is  provided  by  both 
locally  and  nationally  owned  private  bus  companies. 

There  are  no  known  committed  programs  for  transit  { 

improvements  in  the  region  at  this  time. 

Pipeline  and  Transmission  Corridors 

i 

Existing  pipelines  and  electric  transmission  corridors  are  shown  in      / 

Figure  17.  Environmental  imcact  statements  for  oil  shale 
development  have  discussed  pipelines  for  shipping  the  crude 
product.  However,  there  are  no  announced  plans  to  move  ahead  at      i 
this  time.  It  is  noted  that  there  currently  exists  additional  capacity  in 
some  existing  pipelines.  Also,  pipeline  and  electric  transmission 
facilities,  like  railroads,  are  privately  financed,  except  for  some   • 
right-of-way  easements  and  leases  on  public  lands. 
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Existing  Transit  Service  Systems 
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,--  3        The  Region's  Population  and 

I  Employment 

The  purpose  of  this  chapter  is  to  describe  alternative  scenarios  of 
J  population  and  employment  growth  as  a  basis  for  projecting  future 

travel  needs.  It  introduces  these  scenarios  by  describing  the  four 
counties,  their  present  populations  and  current  energy  activity. 

The  Setting 

Moffat.  Rio  Blanco,  Garfield  and  Mesa  Counties,  comprising  the 
Colorado  West  Area  Council  of  Governments  region,  cover  14,300 
square  miles  in  the  northwestern  corner  of  Colorado.  Until  very 
recently,  the  basic  economy  of  the  area  consisted  primarily  of 
agriculture  and  tourism /recreation.  However,  the  region  is  now 
),  facing  potential  massive  changes  as  a  result  of  the  development  of 

i  the  vast  energy  resources  underlying  much  of  the  four-county  area. 

Here  resources  include  coal,  oil  shale,  uranium,  oil  and  gas;  their 

|  general  locations  are  shown  on  Figure  18.  Physically,  the  four-county 

|  area  includes  the  lower  half  of  the  Yampa  River  drainage,  nearly  all 

of  the  White  River  drainage,  the  lower  portions  of  the  Colorado  River 

v  within  Colorado,  plus  small  portions  of  the  Dolores  River  drainages. 

These  rivers  and  their  siasp  wailed  canyons,  along  with  the  rolling 
hills  and  plateaus,  are  a  major  determinant  of  the  form  of  the 
transportation  system  within  the  region. 

j  Approximately  65  percent  of  the  land  in  the  region  is  publicly 

owned,  with  the  Bureau  of  Land  Management  and  Forest  Service 
being  the  principal  landholders.  Private  lands  tend  to  be 

\  concentrated  in  the  river  and  stream  valleys,  but  also  include  most  of 

i  eastern  Moffat  County  and  large  areas  immediately  east  of  Meeker.   . 

Existing  Population 

Since  1970.  population  in  the  region  has  grown  by  about  40  percent 
to  a  present  population  of  about  1 15.000.  Its  distribution  by  County  is 
,     shown  in  Figure  19. 
j  About  half  of  the  regional  population  resides  within  the 

I-  boundaries  of  the  cities  and  towns.  The  largest  incorporated  area  in 

.     ""•  the  region  is  Grand  Junction  (estimated  1979  population  -  28.000). 

the  commercial  hub  of  western  Colorado  located  at  the  confluence 
of  the  Colorado  and  Gunnison  Rivers;  Craig  (7. COO)  in  Moffat  County 
*■ :.  . '  on  the  Yampa  River  is  second  in  size;  followed  by  Glenwood  Springs 

k    "V.  _  (4.300)  at  the  junction  of  the  Colorado  and  Roaring  Fork  Rivers.  Most 

"   .-  of  the  ether  half  of  the  population  is  located  in  the  fringe  areas  next 

*  to  the  cities  and  towns. 


Figure  19  Present  Regional  Population  by  County 
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Present  Energy  Activity 

Much  of  the  population  growth  that  has  occurred  in  the  region  since 
1970  is  a  result  of  workers  brougnt  into  the  area  to  develop  the  ' 

region's  energy  resources.  Major  energy  development  sites  are 
shown  on  Figure  20.  i 

Growth  Scenarios 

Three  different  "scenarios"  of  population  and  employment  growth 
were  developed  to  serve  as  the  basis  for  forecasts  of  future  travel. 

Scenarios  I  and  II  were  based  en  population  projections  made  by 
the  Colorado  West  Area  Council  of  Governments1.  Scenario  I  is 
based  upon  natural  population  growth  without  energy  development,    j 
Scenario  !!  adds  growth  resulting  from  an  extensive  development  of     - 
the  region's  coal  and  oil  shale  resources.  This  Scenario  II  projection 
assumed  that  coal  production  in  the  four  counties  would  grow  frcm     • 
about  7  million  tons  in  1979  to  17  million  tons  in  1S85  anc  ro  about 
19  million  tons  in  1990.  (Note  that  these  estimates  include  coal 
production  from  the  Anschutz  and  Mid-Continent  mines  in  FitX;n 
County).  Oil  production  from  snale  was  assumed  to  grow  from  about 
42.000  barrels  of  oil  per  cay  in  1985  to  140. COO  in  1990  and  205, COO  in 
2000. 

Scenario  111  was  formulated  later  in  the  study  in  response  to  ) 

questions  from  the  Counties  and  the  Technical  Steering  Committi 
on  the  potential  impact  of  a  maximum  feasible  rate  of  development 

1     Reqicn  XI  Population  Protections  —  Municioai  and  County  Population  Protections: 
1973-SC00     Colorado  West  AreaCcunol  ol  Governments.  December  1973. 
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of  the  region's  energy  resources.  This  projection  assumed  that  all  of 
the  coal  mines  identified  in  the  regional  BLM  environmental  studies 
would  be  developed  and  that  the  oil  shale  industry  in  the  region 
would  grow  from  a  production  of  approximately  100,000  barrels  of  oil 
per  day  in  1985  to  440,000  in  1990  and  640,000  in  2000. 

Scenario  II  is  used  as  the  population  and  employment  "base 
case"  throughout  this  report  —  variations  for  Scenarios  I  and  III  are 
considered  separately.  A  summary  of  these  regional  growth 
scenarios  is  included  as  Table  C. 


Table  C   Regional  Growth  Scenarios  —  Garfield,  Mesa,  Moffat, 


an 

j  niu   aiau 

WW    VUUIUIC 

!9 

Energy 

Production 

Level 

Regional 
Population 

"Energy" 
Employment 

Coal 
Ton»/Yr. 

Oil  Shale 
Barrels/Day 

Today 

1979 

115,000 

3,900 

7  million 

0 

Future: 

Scenario  I 

1985 

145,000 

* 

* 

0 

2C00 

225,000 

* 

♦ 

0 

Scenario  II 

1985 

190,000 

10,500 

17  million 

42,000 

2000 

275.000 

10.200 

19  million 

205,000 

Scenario  III 

1985 

225,000 

23.200 

26  million 

100,000 

2000 

360,000 

26.500 

34  million 

640.000 

•No  separate  projections  were 

made 

Basic  worker-estimates  for  Scenarios  II  and  III  energy 
development  activites  are  summarized  i-n  Figure  21.  Even  though 
production  is  expected  to  grow  steadily  through  2000,  employment 
begins  to  peak  earlier  because  of  the  construction  of  the  1980's  and 
the  resultant  large  number  of  construction  workers.  This  information 
was  developed  through  a  combination  of  Council  of  Government 
analyses,  review  of  environmental  statements,  and  consultation  with 
energy  companies. 

Table  D  indicates  the  projected  populations  for  the  alternative 
Scenarios  considered.  The  variation  in  population  between 
Scenarios  is  most  noticeable  in  those  centers  with  greatest  energy 
development. 


Table  D        Year  2000  Population  Projections 


County 

Scenario  1         Scenario  II 

Scenario  III 

Moffat 

17.0CO 

23  000 

28.000 

Rio  Blanco 

7  000 

18.0C0 

44.000 

Garfield 

41.000 

62.000 

95.CC0 

Mesa 

161.000 

170.000 

1 90.000 

Total 

226  C0C 

273.000 

358.000 

I- 
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Alternative  Settlement  Patterns 

Both  Scenarios  II  and  III  imply  very  rapid  growth  in  specific  areas  of 
the  region.  This  is  particularly  true  for  the  1979-1985  period.  Table  E 
notes  representative  examples  of  the  percentage  increases  in    - 
population  growth  projected  to  occur  between  1979  and  1985  in 
communities  and  areas  of  the  region. 
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Figure  21    Basic  Energy  Worker  Estimates 
Scenarios  II  &  ill 
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Table  E        Projected  Population  Change  by  Community  1979-13 

■  1—  m  — — — — — M— i — —I— MM — 

Scenario  I 
Change 

7% 


1979  Base 
Population 

Craig 

7000 

Mcffat  County 

10.925 

Meexer 

2.250 

Rangely 

1.900 

Rio  Blancj  County 

5  550 

Glenwoca  Springs 

4  200 

Rifle  ana  Rifle  Fringe 

4.727 

Grand  Valley  and 
Grand  Valley  Fnnge 

958 

Garden  Courty 

22.000 

Debeque  ana  Oeoeque  Fringe 

454 

Grano  Junction 

28000 

M^sa  County 

75  000 

Total  Pour-Courty  Region 

113  505 

2°o 
-7°. 
12% 

4% 
36% 

7% 
28°. 

22% 
37% 
37% 
35% 

28% 


Scenario  II 
Change 

76% 

58% 
343% 
302% 
257% 

63% 
230% 
1 00% 

98% 
54% 
50% 
44% 

-     67% 


Scenario 
Change 

33% 

73% 

731% 

735% 

e;5% 

58% 
471% 
353% 

204" 
475= 
93% 
71% 

1 24% 
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The  question  should  be  raised  as  to  whether  some  of  these 
extreme  growth  increases  can  be  accommodated  without  destroying 
the  particular  community  experiencing  the  growth.  Can  such 
communities  as  Meeker,  Rangely,  Rifle  and  Grand  Valley  physically 
accommodate  such  rapid  growth?  It  is  quite  possibie  that  some  of 
the  communities  should  not  or  will  not  be  able  to  grow  as  fast  as 
estimated.  Problems  created  by  such  rapid  growth  may  make  the 
impacted  community  a  less  desirable  place  to  live,  thereby  providing 
a  strong  reason  for  people  to  live  elsewhere. 

Product  Estimates 

Along  with  determining  the  travel  needs  resulting  from  population 
and  employment  growth  in  the  region,  estimates  of  the  amount  of 
products  resulting  from  energy  'development  activities  were 
formulated.  These  estimates  were  primarily  based  upon  information 
obtained  from  numerous  environmental  impact  studies  and 
statements.  Product  estimates  were  formulated  for  both  Scenarios  II 
and  III. 

Estimated  coal  and  oil  shale  production  are  shown  by  County  on 
Figures  22  and  23  for  both  Scenarios  II  and  III.  Oil  shale  production  is 
projected  to  grow  steadily  through  the  year  2000.  Coal  production  is 
expected  to  peak  by  1990.  However,  there  is  substantial  uncertainty 
as  to  the  level  of  coal  mining  in  the  region  by  the  year  2000  and 
thereafter.  Though  not  shown  on  these  figures,  oil  shale  by-products 
and  uranium  shipments  were  included  in  the  travel  projection.  These 
product  estimates  were  utilized  not  only  for  employment  estimates 
but  also  for  estimating  product  haul  requirements. 
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Figure  22  Estimated  Future  Coal  Production 
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Figure  23  Estimated  Future  Oil  Shale  Production 
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4        Tomorrow's  Travel  Needs 

This  chapter  discusses  the  future  travel  needs  of  the  region  through 
the  year  2000.  It  is  based  primarily  on  the  population  and 
employment  growth  projected  in  Scenario  II  of  the  previous  chapter. 
This  scenario  is  used  because  it>«  a  "mid-range"  and  represents  a 
more  likely  set  of  events  than  either  of  the  extremes.  The  latter 
sections  of  this  chapter  will  separately  treat  the  impact  of  the  lower 
and  higher  Scenarios  I  and  III. 

In  both  growth  projections  and  assumptions  about  the 
transportation  network,  this  chapter  seeks  to  describe  and  evaluate  a 
mid-range,  reasonable  future.  Therefore,  a  reasonable  future  system 
of  people  and  goods  movement  has  been  assumed.  This  approach 
was  chosen  over  the  alternative  of  loading  future  travel  demands  on 
only  the  existing  system.  To  assume  major  energy  development  with 
no  change  in  the  transportation  system  would  be  so  unrealistic  as  to 
make  the  results  of  only  academic  interest.  The  effect  of  different 
assumptions  about  the  transportation  systems  will  be  discussed  in 
Chapter  5. 

Transportation  Assumptions 

In  addition  to  the  assumptions  of  the  Scenario  II  population  and 
employment  projections  as  described  in  Chapter  3,  certain  changes 
have  been  assumed  to  occur  in  the  transportation  network.  These 
are: 

People  Transport. 

No  revolution  in  the  mode  of  personal  transportation  was  assumed. 
Personal  travel  will  continue  to  be  handled  primarily  by  personal 
vehicles.  The  one  exception  is  that  extensive  use  of  transit  and 
vanpools  for  home  to  energy-site  development  was  assumed.  Transit 
would  take  the  form  of  special  buses  such  as  those  now  run  by 
Occidental  Oil  Shale  from  Rifle  and  Meeker  to  Tract  Cb. 

Transportation  of  Shale  Products. 

In  general,  it  was  assumed  that  the  crude  oil  products  from  oil  shale 
would  move  by  pipeline  because  of  the  long-term  economic 
advantages  of  pipelines.  However,  it  was  assumed  that  during  initial 
operations  products  would  be  hauled  by  truck,  either  out  of  the  study 
-area  or  to  a  reasonable  railhead.  It  was  assumed  that  these  product 
"movements  would  switch  from  truck  to  pipeline  as  soon  as  a  plant 

reached  15.000  barrels  per  day  or  by  January  1.  1986.  whichever 
.  comes  last.  (The  reason  for  this  1986  date  relates  to  use  of  the  years 
1985.  1990  and  2000  as  comparison  years.  By  leaving  the  oil  in  trucks 
through  the  year  1985.  the  impact  of  major  product  movements  by 
truck  can  be  illustrated).  It  should  be  noted  that  the  pipeline 
construction  could  be  delayed  by  the  complexities  of  permit  approval 
and  leasing.  Oi4-shale  by-products  (nahcolite.  soda  ash.  and  alumina) 
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would  move  by  truck,  until  rail  facilities  were  available  (see  r  ^ 

Rail  System,  following).  J    W 

Coal  Transport. 

In  general,  it  was  assumed  that  coal  would  move  by  rail  because  off 
the  high  long-term  costs  of  truck  transportation.  Therefore,  we  havg 
assumed  that  those  coal  sites  on  rail  will  load  directly  into  rail  cars 
(unit  trains,  if  the  output  is  high  enough)  or,  for  those  not  directly  i 
served  by  rail,  the  coal  will  be  transported  by  truck  or  conveyor  to  t'rj 
nearest  railhead.  New  or  improved  railheads  (coal  tipples)  were 
assumed  to  be  developed  at  several  locations  (Loma,  South  Canyo 

Highway  System. 

Because  one  of  the  major  objectives  of  this  study  was  to  identify 
specific  highway  needs  resulting  from  energy  development,  the        * 
existing  highway  system  plus  those  improvements  that  have  already! 
been  programmed  was  assumed.  The  programmed  improvements  in 
the  Highway  Department's  five-year  program  were  described  I 

previously.  } 

Rail  System. 

A  D&RGVV  spur  from  Craig  to  COLOWYO  mine  has  been  completed  | 
in  1979.  Currently,  the  D&RGW  is  proceeding  with  the  prevision  of  a' 
spur  line  west  from  Craig  towards  Lay  which  is  assumed  herein  to  be 
completed  before  1985.  I 

Because  of  the  high  projected  volume  of  shale  by-products  frorrl 
the  Superior  site,  it  is  recommended,  and  thus  assumed,  that  rail  be 
extended  to  Superior  by  1990.  Depending  upon  if,  where,  and  w       1 1 
other  resources  are  developed  in  northern  Rio  Blanco  County  (for    / 
example,  Consolidation  Coal  in  Scenario  III),  staged  construction  of 
this  line  prior  to  1990  may  be  evidenced.  As  with  pipelines,  the  i 

complexity  of  the  permit  and  right-of-way  acquisition  process  can     [ 
delay  these  extensions.  However,  the  COLOWYO  extension  was 
completed  in  approximately  five  years  from  beginning  of  feasibility    . 
study  to  operation. 

Pipeline  and  Electrical  Transmission  Lines. 

Pipeline  development  was  assumed  to  follow  the  assumptions  j 

described  above  under  "Shale"  but  no  attempt  was  made  to  define   | 
specific  locations.  Electrical  transmission  lines  were  in  the  private 
sector,  and  were  assumed  not  to  alter  person  or  product  movementsj 

Gas  and  Oil  Transport. 

It  was  assumed  that  all  gas  and  crude  oil  from  wells  would  be 
transported  by  pipelines.  ) 

Transport  of  Other  Commodities  (Uranium.  Vanadium  and 
Limestone). 

Raw  materials  and  products  would  continue  to  move  by  truck  to         J 
destinations  or  to  nearby  railheads.  However,  the  truck  volumes  are 
small  compared  to  those  for  other  commodities. 

Air  System. 

Continued  development  of  the  existing  airports  and  system  was 
assumed.  No  revolutionary  changes  in  the  relative  importance  of  air  .    fc 
travel  was  assumed,  however,  and  therefore  air  travel  continues  as  a  I 
specialized,  high  value  service  for  a  relatively  small  part  of  the  total 
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market.  The  major  travel  needs  of  the  four  counties  relate  to 
home-to-work  and  other  resident  travel  and  to  the  transportation  of 
products  and  commodities.  The  air  system  was  not  assumed  to  be  a 
major  factor  in  fulfilling  these  particular  needs. 

Coal  Liquefaction. 

Coal  liquefaction  was  not  included  in  Scenario  II.  but  is  discussed  as 
a  possibility  in  Chapter  5.  The  resulting  liquid  or  gas  products  would 
be  expected  to  move  by  pipeline. 

Projected  Travel  Needs  -- ~~ 

As  mentioned  previously,  the  projected  travel  needs  are  based  on  the 
mid-range  projection  of  population,  employment  and  energy 
development  and  the  transportation  system  assumptions  listed 
above.  This  section  describes  the  results  of  a  test  of  these 
assumptions.  The  tests  were  done  by  a'computer-based  process  — 
TDA/TANDEM  —  adapted  to  the  needs  of  this  project.  Through  this 
process,  travel  demand  was  derived  from  population,  employment 
and  product  projections  and  loaded  onto  individual  segments  of  the 
roadway  and  rail  systems.  Because  of  their  significantly  differing 
scales  and  characteristics,  regional  needs  are  considered  separately 
from  needs  within  the  cities.  Analysis  was  conducted  for  the  time 
periods  1985,  1990  and  2000;  but  this  summary  report  highlights  the 
evaluation  at  1985  and  the  year  2000.  Inclusion  of  1990  would  have 
added  little  additional  information.  (Full  technical  documentation  is 
available  in  the  Technical  Notebook). 

Regional  Needs. 

Considered  herein  are  the  needs  of  the  regional  highway,  rail,  air  and 
pipeline  systems. 

1      Highway. 

Figures  24  and  25  illustrate  the  projected  daily  travel  volumes  and 
compares  them  with  existing  traffic  volumes.  In  general,  the  regional 
intercity  highway  volumes  increase  substantially  by  the  year  2000. 
Much  of  this  increase  is  projected  to  happen  by  1985. 

Figure  26  shows  the  estimates  of  loaded  energy-product  and 
construction  trucks.  The  estimated  movements  of  construction 
materials  and  equipment  were  small  —  on  the  order  of  20  heavy 
trucks  per  day  to  an  oil  shale  site  at  the  peak  of  its  construction 
period  —  compared  to  later  product  shipments.  Due  to  the  product 
movement  and  energy  site  construction  assumptions,  truck  volumes 
are  significantly  higher  in  1985  than  in  2000.  In  numbers,  these  trucks 
are  a  relatively  small  part  of  the  total  daily'traffic  (one  to  twelve 
percent).  However,  their  importance  is  disproportionate  to  their 
number.  Because  of  size  and  speed  characteristics,  their  impact  on 
„  roadway  capacity  is  much  greater  than  that  of  smaller  vehicles.  This 
-  is  particularly  a  concern  on  sections  of  roadway  with  significant 
grade.  Because  of  weight,  their  impact  on  the  structural  life  of  paved 
surfaces  is  also  much  greater.  That  is  because  one  repetition  of  a 
single  heavy  axle  load  is  equivalent  to  several  thousand  repetitions  of 
automobile  or  light  truck  loaas.  In  developing  estimates  of  future 
highway  needs,  a  special  analysis  considered  the  effect  of  these 
heavy  axle  load  repetitions  on  roadway  life. 

Figure  27  shows  roadway  accident  rates  for  1977  by  link,  and 
highlights  the  high  accident  rate  locations. 
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Figures  28  and  29  summarize  future  highway  needs  based  on  f 

considerations  of  traffic  volumes,  structural  loadings,  and  safety  J 

problems.  It  should  be  noted  that  many  of  these  improvements  are        ' 
needed  regardless  of  energy  development.  This  will  be  discussed 
later  in  this  chapter.  \ 

2     Rail.  ' 

Table  F  illustrates  the  rail  car  loadings  of  Colorado  West  coal  r 

estimated  for  1 979  and  projected  for  years  1 935  and  2C00.  To  offer  a     I 
perspective.-current  (1978)  utilization  of  the  D&RGW  'Colorado 
River"  line  is  27  million  annual  gross  tons  (all  products  combined)  on  . 
each  mile  of  road,  and  of  the  "Craig"  line  is  8  million  annual  gross 
tons. 


Table  F        Projected  Rail  Volume  of  Colorado  West  Coal 

——■!■■"■  ■-!■!■!  i  ■  ■!  i  ii. tmtauam  i w  n* m— wi — a  w— — — ■  ■■■■    — w— ta  —  ■— — —  — — 

Annual  Tons  of  Coal  (millions)  Annual  Carloads  (thousands) 

Year  Craig  Line          Colo.  River  Line  Craig  Line          Colo.  River  Line 

1979  (Est.)  2.8                            2.5  28                             25 

1985  (Proj.)  10.0                            4  9  100                             49 

2000  (Pro].)  10  7                            5.6  107                             56 
Source-  TDA 


Nearly  all  of  the  projected  coal  volumes  could  be  reasonably 
expected  to  move  in  unit  trains  and  the  remainder  in  multiple  car 
lots.  Based  on  probable  markets  for  Colorado  coal,  it  is  reasonable  to 
assume  that  the  bulk  of  this  tonnage  will  move  to  the  east  out  of  the 
study  area  and  either  through  the  Moffat  Tunnel  or  over  Tennessee 
Pass:  There  have  been  concerns  expressed  over  the  capacity  of  th 
D&RGW  iines  to  handle  the  major  traffic  increases  of  energy 
development.  It  does  appear  that  if  no  improvements  were  made  to 
the  lines,  future  capacity  could  be  a  problem.  However,  ' 
improvements  in  traffic  control,  the  addition  of  passing  sidings,  use 
of  heavier  rails  and  other  actions  can  boost  capacity  from  present 
levels.  Based  on  review  of  other  studies  and  on  discussions  with 
railroad  officials  and  specialists,  it  has  been  concluded  that  under 
reasonable  assumptions  on  rail  improvements,  rail  capacity  will  not 
be  a  problem  in  serving  the  region's  energy  development. 

3     Air  System. 

Airport  development  needs  fall  into  two  general  categories  — 
fundamental  development  and  capacity  development.  Fundamental 
development  is  based  on  providing  basic  facilities  for  handling  the 
type  of  aircraft  expected  to  use  an  airport  over  the  next  five  to  ten 
years.  Actual  passenger  and  aircraft  volumes  are  not  critical  factors.    . 
except  for  meeting  certain  minimum  threshhold  values.  Capacity 
development,  on  the  other  hand,  is  a  function  of  the  passenger  and 
aircraft  vclurr.es  as  well  as  the  critical  aircraft  type  ana  aircraft  mix. 
Capacity  aevelopment.  especially  on  the  airside  (e.g.  multiple  runway  j 
systems),  usually  occurs  only  at  large  metropolitan  area  airports. 

Development  needs  for  the  airports  at  Grand  Junction,  Hayden. 
Rifle.  Rangely.  and  Meeker  are  based  on  the  needs  identified  in  the      j 
respective  airport  master  plan  reports.  The  needs  for  Aspen  3  Sari.        L 
Field  are  primarily  related  to  serving  demands  located  outside  of  this 
study  area  and  are  not  addressed  further  in  this  report.  j 

In  general,  the  neeos  at  the  six  selected  study  area  airports  fall 
into  the  fundamental  development  category  on  the  airside  and    . 
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Existing  and  Estimated  Year  1S85  Traffic  Volumes  (Scenario  II) 
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landside,  with  the  notable  exception  of  Grand  Junction's  new 
passenger  terminal  construction,  which  is  a  landside  capacity  item. 
The  key  needs  at  these  six  airports  are  expanded  below. 

•  Walker  Field,  Grand  Junction  —  Key  Needs  and  Deficiencies 
The  existing  tormina!  complex  (includes  terminal  building,  air 
carrier  aircraft  parking  apron,  and  auto  parking)  is  inadequate  to 
accomodate  the  ever  increasing  passenger  and  aircraft  volumes.  A 
new  45,000  square  foot  terminal  building,  apron  space  for  five 
aircraft  parking  positions,  and  auto  parking  for  500  cars  are 
necessary  to  serve  the  passenger  and  aircraft  needs.  The  primary 
runway  11/29,  the  taxiway,  and  apron  need  to  be  overlayed.  The 
parallel  taxiway  to  runway  11/29  was  recently  extended  to  full 
runway  length. 

•  Yampa  Valley  Airport,  Hayden  —  Key  Needs  and  Deficiencies 
The  Hayden  airport  is  currently  in  need  of  apron,  taxiway,  and 
runway  improvements  such  as  widening  and  overlays.  Land  is 
needed  for  clear  zone  protection  and  future  terminal  area 
expansion.  An  extension  and  overlay  of  the  runway  will  be  needed 
to  serve  heavier  air  carrier  aircraft  in  the  B-737  category.  The 
Hayden  airport  also  lacks  a  parallel  taxiway. 

•  Garfield  County  Airport,  Rifle  —  Key  Needs  and  Deficiencies 
The  Rifle  airport  needs  to  be  developed  to  Basic  Transport  (BT) 
standards  in  order  to  serve  business  jets  and  possible  air  carrier 
service  using  Convair  5S0  aircraft.  Energy  development  will  create 
demand  for  air  commuter  service  as  well.  A  new  7,200  foot  runway 
and  parallel  taxiway  are  needed  to  replace  the  existing  5,155  foot 
runway,  which  is  length-constrained  by  the  terrain. 

•  Rangely  Airport.  Rangely  —  Key  Needs  and  Deficiencies 
The  existing  runways  are  of  insufficient  length  to  safely 
accomodate  many  of  the  larger  business  aircraft  which  presently 
use  the  airport.  The  primary  runway  and  parallel  taxiway  should  be 
extended  to  6,700  feet  to  serve  them.  Using  business  jet  aircraft  as 
the  critical  aircraft  type  places  the  design  standards  in  the  Basic 
Transport  (BT)  category.  Air  commuter  service  is  likely  to  be 
attracted  to  the  Rangely  Airport  as  energy  development  continues. 

•  Meeker  Airport,  Meeker  —  Key  Needs  and  Deficiencies 
Meeker's  4,500  foot  runway  is  net  sufficient  to  safely  handle 
business  jet  activity  and  the  possible  commuter  service  that  might 
be  attracted  by  the  energy  development.  Meeker  also  lacks  a 
parallel  taxiway.  A  runway  extension  to  5.500  feet  and  construction 
of  a  full  length  parallel  taxiway  are  needed  to  serve  these  aircraft 
activities.  Topographic  constraints  prevent  the  future  installation  of 
a  conventional  precision  instrument  landing  system  (ILS).  A 
microwave  landing  system  (MLS)  could  be  installed  for  commuter 
service  use.  The  design  category  for  the  Meeker  Airport  is  Basic 
Transport  (BT)  because  of  the  business  jet  activity. 

•  Craig  -  Moffat  County  Airport.  Craig  —  Key  Needs  and 
Deficiencies 

Craig  has  commuter  service  at  this  time,  but  its  5.000  foot  runway 
is  not  adequate  to  safely  handle  the  larger  business  aircraft.  The 
runway  needs  to  be  lengthened  and  strengthened,  and  a  parallel 
taxiway  should  be  constructed.  The  development  category  for  the 
-  *•  Craig  Airport  is  Basic  Transport  (BT)  because  of  the  business  jet 
activity. 
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4    Pipeline. 

The  implication  of  the  previous  assumptions  on  movement  of  the 
oil  from  oil  shale  is  shown  in  Table  G.  The  table  shows  the  number 
of  pipelines  that  would  theoretically  be  required  based  on  various 
pipeline  sizes.  At  one  extreme,  all  of  the  crude  projected  for  year 
2000  could  theoretically  flow  in  one  single  20"  pipeline.  However, 
this  assumes  that  the  crude  could  be  assembled  economically  from 
the  various  development  sites  into  that  single  pipeline  and  that  it 
could  all  be  shipped  out  of  the  region  in  one  direction.  In  fact,  the 
pattern  will  be  much  more  complex  because  it  will  depend  on  the 
markets,  the  refinery  capabilities  for  individual  producers,  and  the 
available  capacity  of  existing  trunk  pipelines  ser/ing  the  major 
markets. 

Table  G        Additional  Pipeline  Needs  Resulting  From  Shale 
Development  (Scgnerio  11) 

(Theoretical  Number  of  Pipelines  of  Specific  Diameter) 


Year 

Barrels  per  Day 

12" 

16" 

20 

1985 

42.C0O 

1 

1 

1 

1990 

1 -10.000 

3 

2 

1 

2000 

205.000 

4 

2 

1 

Source: 

TDA 
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Travel  in  Cities  and  Towns 

The*primary  focus  of  this  study  is  on  regional  transportation 
problems  and  not  on  detailed  transportation  needs  within 
communities.  To  a  great  extent,  this  focus  is  due  to  differing 
philosophies  regarding  developing  land  use  patterns  currently 
evidenced  throughout  the  region.  The  most  pertinent  examples  of 
these  differences  in  land  use  patterns  are  Rio  Blanco  County, 
where  80%  of  the  population  has  historically  concentrated  in  the 
municipalities,  and  Mesa  County,  where  6G%  of  the  population 
growth  occurs  outside  municipalities.  The  effects  of  these  differing 
philosophies  is  felt  to  a  much  greater  extent  on  the  local  rcadway 
and  street  network  than  on  the  regional  network.  j 

Even  at  the  level  of  detail  this  study  adcresses.  there  are  | 

several  general  findings  which  have  applicability  to  almost  ail  the 
communities  in  the  region.  One  is  of  major  importance.  As  the 
communities  in  the  region  begin  to  grow  towards  the  population  j 

estimates  of  Table  D.  consideration  should  be  given  to  community 
planning  efforts  which  encourage  the  realization  of  a  land  use 
pattern  which  minimizes  sprawl  and  the  resulting  inefficient  use  of      ( 
the  automobile.  Such  patterns  offer  not  only  the  opportunity  to 
reduce  the  number  of  or  shorten  the  length  of  local  trips,  but  also 
the  opportunity  to  divert  some  of  these  trips  to  other  modes,  like 
walking,  cycling,  and  transit.  The  benefits  of  such  patterns  are  not 
cnly  economic  —  for  the  public  sector,  reduction  in  the  costs  of 
providing  and  maintaining  a  significantly  increasea  transportation 
infrastructure;  for  the  private  sector,  reduction  in 
transoortaticn-related  costs  of  fuel.  etc.  —  but  are  environmental 
as  well  —  less  pollution,  noise,  etc.  Also,  efficient  land  use 
development  is  better  able  to  match  growing  needs  for  services, 
including  transportation,  with  growing  population  than 
poorly-plannea.    boom-town    patterns. 
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Two  other  general  findings  should  also  be  recognized: 

1  At  the  Scenario  II  level  of  population  growth  most  communities 
will  be  strongly  impacted  by  regional  traffic  going  through  them. 
Additionally,  many  communities  will  be  subjected  to  significant 
increases  in  energy-related  truck  traffic.  As  a  result  there  will  be 
growing  interest  in  obtaining  funding  for  and  constructing 
by-passes  in  these  communities.  At  the  Scenario  III  level  of  growth 
the  need  for  community  bypass  routes  becomes  even  greater. 

2  The  emphasis  on  getting  products  off  of  highways  and  onto  the 
rail  lines  will  result  in  substantial  increases  in  rail  traffic  in  the 
region.  In  turn,  this  will  result  in  problems  being  created  where 
major  urban  streets  cross  such  railroads  at  grade.  In  addition,  rail 
extensions  (for  example,  south  to  Superior)  will  likely  create  new 
grade  crossing  problems.  For  community  safety  and  unity  reasons, 
steps  need  to  be  taken  to  analyze  :ne  existing  and  projected  grade 
crossing  problems  in  the  urbanizing  areas  of  the  region  and 
develop  an  active  plan  to  construct  needed  grade  separations  or 
crossing  improvements.  Additional  problems  related  to  increased 
rail  usage  include  the  restriction  and/or  isolation  of  access  to  land, 
as  is  evidenced  in  the  Roaring  Fork  Valley,  and  the  potential  for 
vehicular  circulation  problems  in  towns  due  to  limitations  on  the 
number  of  rail  crossing  points. 

Impact  of  Low  and  High  Scenarios 

The  previous  discussion  was  based  on  the  "most-likely"  energy 
development  condition,  Scenario  II.  This  section  discusses  the  major 
differences  that  would  result  from  actual  events  being  more  like  the 
lower  Scenario  I  (no  energy  development)  or  the  higher  Scenario  III 
(maximum  feasible  energy  development). 

As  a  prelude  to  this  discussion,  it  is  necessary  to  examine  in 
greater  detail  the  future  highway  needs  shown  in  Figures  28  and  29. 
To  a  large  extent,  these  needs  are  predicated  on  the  existing 
condition  of  the  study  area  roadway  network.  Based  on  the  7977 
State  Highway  Sufficiency  Rating  and  Needs  Study,  and  on  definitions 
contained  in  the  7977  Colorado  Annual  Highway  Report,  Figure  20 
details  roadway  segments  that  are  rated  as  "less  than  fair."  Table  H 
compares  the  study  area  roadways  to  the  State  roadways  as  a  whole. 
Even  with  I-70  completed,  a  large  number  of  "critically  insufficient" 
study  area  roadways  will  still  exist. 

In  addition  to  highway  needs  related  to  "sufficiency"  problems, 
the  methodology  used  in  deriving  the  future  highway  needs  for 
Scenario  II  addressed  other  "critical"  concerns.  These  include 
high-accident  locations,  sharp  curves,  narrow  roadway  cross 
sections,  and  other  "critical"  links  as  defined  by  the  District  III 
Enaineer.  All  of  these  concerns  are  related  to  current  deficiencies. 
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Table  H     1977  Sufficiency  Rating  Comparison  ("Rural"  Roadways) 


Ratings 

Parcantage  ot  Total  Rout*  Miles 

Study  Arsa 

Stata  as  a  Whola 

Eacludlnq  I-70 
Travel  Way 

Including  I-70 
Travol  Way 

Unsatisfactory 

9 

13 

11 

Critical 

A7 

42 

28 

33 
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and  as  such,  the  need  for  improvements  is  somewhat  independent  of 
traffic  volumes.  For  example,  the  need  to  widen  a  20  foot  roadway  or 
to  improve  a  sharp,  unbanked  curve  may  exist  whether  5C0  or  5CC0 
cars  a  day  use  the  roadway.  However,  traffic  volume  impacts  the  type 
(or  scope)  and  timing  of  the  needed  improvements.  If  two  roadways 
have  similar  deficiencies,  improvements  to  the  one  with  higher  traffic       i 
volumes  will  usually  have  a  higher  priority.  t 

Scenario  I  (Trend  Population/Employment  Growth) 

'Under  this  Scenario,  population  and  employment  continue  on  a 
"trend"  basis,  and  the  rate  of  roadway  improvement  would  be  slow. 
Even  though  roadway  needs  exist  now,  the  traffic  volume  and 
accident  exposure  are  relatively  low.  Improvements  would  probably 
be  targeted  on  specific  problem  locations.  Roads  that  would  require        ' 
less  extensive  improvements  under  Scenario  I  than  Scenario  II 
include  State  Highways  6  (near  Rifle).  13,  40.  and  64,  and  the  I 

Piceance  Creek  Road.  f 

Public  transportation  would  be  much  as  it  is  today,  with  seme 
elderly  and  handicapped  sen/ice  improvements.  The  limited 
experimental  shale  products  there  would  be  moved  by  truck.  Coal 
would  generally  move  to  the  nearest  railhead,  by  truck  or  possibly 
conveyor,  but  there  would  not  likely  be  any  rail  extensions. 

Scenario  III  (High  Projections) 

For  this  projection,  there  were  certain  modifications  to  the  Scenario 

II  transportation  network.  As  in  Scenario  II  it  was  assumed  that  there 
would  be  emphasis  on  transit  and  vanpool  programs  for 
energy-related  home-to-work  trips.  However,  because  of  the  major 
national  commitment  implied  by  this  high  projection,  it  was  assumed 
that  shale  product  pipeline(s)  would  be  expedited,  resulting  in  their 
completion  shortly  after  the  beginning  of  pilot  production.  Scenario 

III  changes  the  expected  level  of  coal  production  significantly  in  a  j 
few  locations.  Associated  with  these  chances  are  the  assumptions 
that  a  rail  extension  from  Loma  to  the  Mesa/Garfield  County  Line  to 
serve  the  Sheridan  mines  would  be  built  by  about  19S0.  and  that  the        . 
rail  extension  linked  to  Superior  (as  discussed  in  Scenario  II)  would         t 
directly  serve  the  coal  mines  along  State  Highway  13  by  1937,  and 
later  extend  en  to  Superior. 

Figure  31  illustrates  the  highway  loadings  under  the  Scenario  III 
projection  and  the  transportation  system  assumptions.  Traffic  l 

volumes  under  this  Scenario  are  about  1 5  percent  higher  than  in 
Scenario  II.  The  highway  needs  are  approximately  one-thiro  higher. 
Specifically,  improvements  to  provide  four-lane  roadways  would  be         '■ 
required  on  State  Highways  5  (vicinity  of  Rifle).  13  (from  Rifle  to 
Buford  turn-off  north  of  Meeker),  anc  64  (from  Rangely  east  to  .Moon 
Lake  power  plant,  which  was  assumed  in  this  scenario).  Nine 
hill-climbing  lanes  in  addition  to  those  detailed  in  Scenario  II  would 
be  needed,  principally  on  Highways  6.  13.  40  and  64.  Overlay  neecs         . 
would  be  increased  nearly  20  percent,  primarily  on  Highways  6.  13. 
40.  64.  70.  139.  and  Piceance  Cree*  Road.  Additionally,  the  higher 
traffic  volumes  cf  this  scenario  would  accelerate  the  need  to  correct 
existing  denciences.  The  highway  neeas  unGer  this  scenario  are  for        ( 
'people  travel "  related  to  the  large  projected  population  and  •- 

employment  growth  because  it  is  assumea  that  non-highway  modes 
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Year  1985  and  2000  Estimated  Traffic  Volumes  (Scenario  III) 
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for  products  would  be  expedited.  Implications  of  variations  of  these 
product  movement  assumptions  are  discussed  in  Chapter  5. 

In  general,  there  were  no  significant  changes  to  other  elements 
of  the  system. 
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5        Transportation  Alternatives- 
chapter  4  was  based  on  reasonable  assumptions  of  the 
transportation  system  that  wou!d>exist  at  various  stages  of  energy 
development.  This  chapter  discusses  variations  of  those  highway, 
transit,  rail,  pipeline  and  air  transportation  assumptions.  Finally  it 
discusses  the  probable  impact  of  these  variations. 

Highway 

While  the  existing  highway  network  may  require  some  rebuilding  and 
widening,  it  generally  provides  a  reasonable  pattern  of  connections 
within  the  four-county  region.  The  possible  need  for  additional  - 
highway  access  into  the  Piceance  Creek  Basin  is  a  potential 
exception.  A  number  of  alternatives  have  been  proposed  in  the  past. 
This  study  looked  at  a  series  of  alternative  routes  into  the  area  and 
assessed  their  relationship  to  developing  energy  sites  and  their 
possible  impact  on  the  other  links  of  the  roadway  system.  This 
analysis  is  detailed  in  the  "Piceance  Creek  Roadway  Report" 
contained  in  the  technical  notebook.  Many  routes  were  rejected  as 
being  physically  too  difficult  to  build.  Figure  32  shows  the  candidate 
routes  which  do  appear  to  be  physically  feasible. 

In  general,  the  Piceance  Basin  alternatives  appeared  to  have  no 
major  impact  on  traffic  volumes  en  the  existing  highway  network. 
Because  of  the  grades  and  the  winding  alignment,  travel  time  savings 
were  small  and  therefore  traffic  diversion  from  existing  routes  was 
generally  limited.  However,  the  Ca-Rangely  route  and,  to  a  lesser 
extent,  the  Cb-DeBeque  route  have  the  potential  to  serve  important 
home-to-work  and  energy-site  development  related  trips.  These  two 
roadways  could  be  considered  as  the  top  priorities  in  the 
development  of  a  plan  for  improved  access  into  this  area. 

The  roadway  impacts  of  developing  a  Synfuels  (coal  liquefaction) 
plant  either  south  of  or  west  of  Craig  was  also  investigated  as  an 
alternative.  Due  to  labor  intensiveness  of  such  plants,  major 
additional  traffic  volume  demands  v/ere  projected.  However,  because 
the  plant  would  be  in  relatively  close  proximity  to  Craig,  major 
impacts  on  the  primary  roadway  system  would  be  limited  to  the  Craig 
vicinity. 

,  Transit 

The  traffic  estimates  described  in  the  previous  chapter  were  based 
on  a  reasonably  aggressive  transit  program  for  the  home-to-work 
trip.  There  are  of  course  alternatives  of  doing  either  more  or  less  with 
transit. 

A  minimum  transit  program  would  provide  little  more  than 
limited  service  for  elderly  and  handicapped  and  would  not  provide 
specific  programs  for  the  home  to  energy  site  wcrx  trip.  Under  these 
cqnditicns,  there  would  be  no  vanpools,  the  companies  would  not 
provide  bus  service,  and  the  bulk  of  travel  would  be  by  automobile  at 
a  typical  average  occupancy  of  1 .5  to  2.0  persons  per  vehicle  for 
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work  trips.  Figure  33  illustrates  the  percentage  increase  in  daily  tr       ( 
on  those  highway  links  leading  to  energy  sites  resulting  from  this 
minimum  transit  program.  Capacity  problems  that  could  necessitate  F 
significant  roadway  improvements  (four-laning)  would  be  required  in  { 
the  following  locations: 

•  Colorado  64  west  of  its  junction  with  Colorado  13. 

•  Colorado  13  south  of  Craig, 

•  Colorado  13  south  of  Rio  Blanco,  and  ( 

•  The  Piceance  Creek  Road. 

A  more  aggressive  transit  program  would,  in  addition  to  those  items 
discussed  in  Chapter  4,  develop  internal  transit  systems  in  the 
communities  of  Grand  Junction— Fruita— Palisade,  Glenwcod  I 

Springs.  Rifle.  Rangely.  Meeker  and  Craig.  These  systems  could 
theoretically  serve  work  trips  to  places  of  employment  within  the         '/ 
communities  and  other  non-work  trips  such  as  personal  business.       I 
shopping  and  social.  From  a  regional  standpoint  the  impact  on 
overall  travel  demand  would  probably  be  small.  History  elsewhere  in   , 
similar  communities  would  suggest  that  the  transit  programs  would    { 
attract  less  than  five  percent  of  total  trips.  While  mora  detailed  study 
of  each  of  the  local  situations  might  show  social  and  economic 
justification  for  providing  such  systems  in  any  case,  even  a  five 
percent  diversion  to  transit  would  have  little  impact  on  the  overall       * 
roadway  problems  previously  described. 

Rail  I 

The  results  of  Chapter  4  were  based  en  an  assumed  extension  of  rail 
south  to  the  Superior  site  by  1990.  Figure  34  illustrates  energy  truck    . 
volumes  if  this  rail  spur  is  not  constructed.  If  not  extended,  all  of  the  [ 
products  would  have  to  move  by  truck  from  Superior  to  the  nearest 
railhead.  As  a  result,  the  large  energy  truck  volumes  experienced  in 
1985  (see  Figure  31)  would  be  continued  to  year  2CG0.  increasing  the 
wear  on  the  roadways  and  further  impacting  the  towns  of  Meeker. 
Rangely.  and  Rifle. 

Figure  35  shows  energy  truck  volumes  for  Scenario  111  assuming 
that  rail  extensions  south  :o  Superior  and  ncrth  from  Loma  are  not     I. 
constructed.  As  in  Scenario  II.  products  would  have  to  be  trucked  to 
the  nearest  railheads.  This  added  truck  traffic  will  increase  roadway    i 
wear,  and  will  further  impact  the  towns  of  Meeker,  Rifle,  and  Loma.     I 
Additionally,  that  truck  traffic  coupled  with  increasing  traffic  volumes 
will  further  exacerbate  problems  on  Colorado  13.  and  may 
necessitate  a  higher  level  of  improvement  of  portions  of  that  rcad-.vay. 
than  Giscussed  previously. 

Pipeline 

Coal.  \ 

Initial  consideration  was  given  to  the  possibility  of  coal  slurry 
pipelines  serving  this  area.  However,  this  was  rejected  because  the     I 
economics  of  coai  slurry  pipelines  require  annual  voiumes  in  the         \_ 
neigh'cornood  of  8  to  10  million  tons  shipped  from  one  area  to  a 
market.  Wh:le  the  total  outout  of  this  four-county  study  area  is 
already  about  7  million  tons  per  year  and  will  grew  to  more  than 
double  that  by  1935.  its  markets  are  generally  widely  scattered. 
Economic  justification  of  the  pipeline  depends  upon  having  a  single 
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Percentage  Increase  in  Daily  Trips  Resulting  From  Minimum 
Transit  Program 
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Year  2000  Loaded  Energy  Trucks  (Scenario  lt)-Links  Impacted 
Assuming  No  Rail  Extension 
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major  market  that  can  afford  to  purchase  the  capacity  of  a  pipeline. 

Shale  Oil. 

If  the  assumptions  of  Scenario  II  and  III  on  shipment  of  shale  oil  by 

pipeline  are  not  borne  out  actual  events,  there  would  be  a  potential 

impact  of  as  many  as  290  additional  loaded  trucks  per  day  per  site.  In 

the  Scenario  II  level  of  development,  this  would  add  nearly  1,100 

loaded  trucks  daily  in  year  2000;  in  the  Scenario  III  level,  this  figure 

approaches  3,700  loaded  trucks  daily.  The  impacts  of  no  pipeline 

construction  are  far  more  severe  than  any  of  the  other  modal 

alternatives,  specifically  in  terms-of  impact  on  pavement  life,  roadway 

capacity,  and  of  community  impacts.  This  coupled  with  the 

economics  of  product  movement  indicates  that  construction  of  no 

pipelines  is  not  only  undesireable,  it  is  also  unlikely.  %-s 

Air  System 

The  principal  airport  development  alternatives  considered  here  were 
those  presented  in  the  individual  airport  master  plan  reports.  While 
these  planning  efforts  have,  in  general,  addressed  the  impact  of 
energy  development,  future  review  and  update  of  the  master  plans 
will  be  necessary  to  adequately  respond  to  the  energy  issues. 

Additional  consideration  was  given  to  the  construction  of  an  air 
carrier  airport  near  Carbondale,  Garfield  County,  as  a  replacement 
for  Aspen's  terrain-constrained  Sardy  Field.  The  Carbondale 
replacement  airport  was  first  investigated  by  the  FAA  in  the  late 
1960's.  No  local  agency  has  shown  an  interest  in  sponsoring  this 
project  as  there  appears  to  be  no  compelling  justification  for  the 
facility.  Table  I  presents  a  status  summary  of  the  Carbondale  airport 
proposal. 

Some  consideration  was  given  to  expansion  of  air  freight 
services  to  the  region  because  of  energy  development.  However,  the 
economics  of  air  freight  compared  to  the  available  alternatives  make 
major  use  of  air  shipment  unlikely. 
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Table  I        Summer/  —  Prooosed  Carbondale  Air  Carrier  Airport  j 

Subject:  Proposed  air  carrier  airport  at  Carbondale.  Garfield  County. 

Proposed  by:  Federal  Aviation  Administration  (FAA).  I 

Date  proposed:  Circa  1969.  * 

Purpose:  To  replace  Sardy  Field  at  Aspen.  Pitkin  County.  . 

Rationale:  Expansion  of  Sardy  Field  (current  runway  is  6,000  feet  [ 

long)  to  handle  larger  aircraft  is  severely  constrained  by 
mountainous  terrain. 

Preliminary  site  selection  criteria: 

1.  Proximity  to  town  of  Aspen. 

2.  Feasibility  of  constructing  a  primary  runway  of  at  least  10,000  feet 
in  length.  k 

Selected  site  (preliminary): 

1.  In  Section  20  of  Town  7s,  Range  87w  (runways  extend  into 
Sections  18  and  29).  | 

2.  Approximately  5  miles  northeast  of  the  town  of  Carbondale,  I 
Garfield  County. 

3.  Approximately  25  miles  northwest  of  the  town  of  Aspen,  Pitkin  { 
County. 

Proposed  runways: 

1.  Primary.  13/31.  length  =  10.CC0  to  12.000  feet.  » 

2.  Alternate.  18/36.  length  =  7,000  feet  =.  { 

Project  status: 

1.  No  action  taken  beyond  FAA's  preliminary  site  selection  because        i 
no  local  agency  has  sponsored  the  project.  I 

2.  Some  residential  development  has  taken  place  near  the  selected 
site. 

Project  requirements:  } 

1.  A  local  sponsor  is  needed. 

2.  Land  development  issues  must  be  addressed  to  avoid  development 
which  could  inhibit  facility  establishment. 
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6        Recommendations 

Previous  chapters  have  described  the  needs  fortransportation 

system  improvements.  This  chapter  makes  four  kinds  of  study 

recommendations:  those  of  overall  policy;  specific  transportation 

system  recommendations;  recommendations  summarized  by 

responsible  agency;  and  finally,  a  section  on  financial 

recommendations  and  considerations.  .  ^ 

Policy  Recommendations 

Three  study  findings  stand  out  as  major  policy  concerns.  These 
findings  relate  to  how  products  move,  a  philosophy  of  finance  and 
community  impacts.  Later  sections  of  this  chapter  include 
recommendations  for  more  specific  actions. 

Product  Movements. 

In  the  long  run,  economics  will  tend  to  force  the  products  onto  rail 
and  pipeline  systems.  However,  differences  in  the  implementation 
schedules  of  plant  development  and  those  of  the  transportation  links 
may  result  in  hauling  of  products  by  truck  during  initial  operations. 
Resulting  truck  volumes  will  be  a  significant  problem  on  critical 
highway  links  and  will  pose  major  problems  in  the  region's  towns 
and  cities. 

Therefore,  rail  and  pipeline  systems  should  be  available  on  a 
schedule  consistent  with  the  timing  and  magnitude  of  energy 
resource  development.  This  can  be  controlled  through  the  permitting 
process. 

Finance. 

Providing  transportation  facilities  to  serve  the  needs  of  energy 
development  creates  financing  problems  in  at  least  two  ways. 

•  The  needs  occur  sooner  than  do  the  tax  revenues  that  could  pay 
for  those  needs. 

•  Some  needs  are  directly  and  specifically  related  to  the  energy 
development  and  should  be  paid  for  with  energy-related  funds.  For 
example,  roadways  built  soleiy  to  serve  energy  development  sites 
should  not  be  paid  for  from  general  local  and  state  highway  funds. 

The  region  should  adopt  an  overall  financing  policy  that 
recognizes  these  problems  and  establishes  an  equitable  approach. 
This  will  be  discussed  in  a  later  section  of  this  chapter. 

Community  Impact. 

This  study  focused  en  regional  transportation  problems  and  not  on 
the  internal  transportation  needs  of  the  communities.  However,  study 
results  make  it  clear  that  many  of  the  transportation  and  ether 
grbwth  related" problems  are  concentrated  within  urban  areas. 
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As  a  key  element  in  growth  planning,  the  towns  and  cities  nee< 
to  determine  the  desired  and  feasible  level  of  community  growth  ana 
to  develop  the  institutional  capacity  to  accommodate  sound  growth.     J 
A  key  step  in  this  process  will  be  deciding  the  population  and  growth   I 
rate  which  the  community  can  tolerate.  Then,  after  these 
deliberations  have  been  made,  the  cities  should  develop  f 

appropriate  plans  and  strategies.  Cities,  towns  and  the  counties 
should  begin  detailed  preparations  to  make  these  determinations. 

Summary  of  Transportation  System  Recommendations 

The  groundwork  for  system  recommendations  was  laid  in  Chapters  4 
and  5.  This  section  will  summarize  the  physical  and  operational 
systems  needed  for  highways,  transit,  airports,  rail,  pipelines  and 
electric  transmission  lines. 

Highways 

The  estimated  highway  needs  for  Scenario  II  development  are  listed     J 
in  Table  J.  These  needs  were  developed  based  upon  a  link  by  link 
evaluation  of  the  regional  highway  system-.  The  evaluation  included 
consideration  of  the  following  factors:  I 

•  safety/accident  rates  . 

•  volume/capacity  relationship  I 

•  roadway  cross  section 

•  grade 

•  curves  J 

•  pavement  serviceability  index  *- 

•  width  of  existing  bridges 

•  roadway  adequacy  assessments  by  District  personnel.  | 

These  factors  provide  the  basis  for  the  recommended  improvements. 
The  projects  listed,  even  if  all  completed,  would  not  bring  the  entire 
regional  network  up  to  an  "ideal "  cesign  standard.  However,  they  do 
address  the  most  needed  improvements  required  to  respond  to 
energy  development  and  current  safety  needs. 

Also  shown  in  Table  J  is  the  period  in  which  the  improvements    • 
should  be  completed,  based  ucon  what  are  new  the  expected 
schedules  of  development  and  on  existing  hignway  conditions.  In       j 
many  cases,  the  current  condition  of  the  region  s  highways  are  be!c\{ 
Department  of  Highways  standards  by  virtue  of  factors  such  as 
pavement  deterioration  ano  safety  prcbiems.  However,  energy  f 

development  is  the  ever-riding  pressure  for  improvement.  Without     | 
energy  development,  it  is  procacle  that  only  minimum  improvements 
will  be  mace  within  currentlv  cor.straineo  funcing.  In  otner  cases, 
needed  improvements  —  hill  climbing  lanes,  for  example  —  are  t 

directly  related  to  energy  generarec  traffic  volumes.  The  timing  of 
tnese  needs  is  based  upon  the  expected  rate  and  pattern  of  energy 
develccment  for  Scenario  II.  By  monitoring  future  energy  I 

develooment  and  referring  to  Table  J.  acjustments  in  timing  coi       bu 
made  for  those  projects  related  to  energy  development.  As  energ, 
development  occurs,  the  table  shoulo  be  reviewed  and  those  energy^ 
related  improvements  be  aojusted  accordingly. 

3etween  now  and  1935  there  are  needs  for  about  S75  million 
worth  of  regional  highway  improvements,  based  on  Scenario  II 
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development.  Highway  needs  continue  after  that,  but  slow  down 
slightly.  This  is  a  result  of  traffic  reductions  after  the  initial  burst  of 
construction  and  the  shift  of  products  to  alternative  systems. 

Table  K  summarizes  the  recommended  roadway  improvements 
through  2000  by  County.  Figures  36  and  37  note  the  locations  of  the 
Recommended  Roadway  Improvements. 

In  addition  to  the  highway  needs  identified  in  the  tables,  a 
Roadway  Plan  for  roads  in  the  Piceance  Creek  Easin  should  be 
adopted.  Current  projections  do  not  justify  construction  of  these 
roads  now.  However,  if  need  for  roads  in  this  afea  develops,  they 
should  be  built  in  conformance  with  the  Roadway  Plan  and  to  County 
road  standards.  (See  Figure  32)^ 

Transit  System  Recommendations 

Recommended  transit  system  improvements  can  be  categorized  into 
meeting  the  needs  of  one  of  four  service  markets  —  within 
communities,  between  communities,  elderly  and  handicapped,  and 
energy-related  work  trips. 

1  Within  Communities 

The  City  of  Grand  Junction  and  Garfield  County  will  be  completing 
transit  development  programs  in  the  near  future  to  detail  the  needs 
and  operating  plans  for  intracity  transit  services  in  those 
communities.  In  addition,  the  formulations  of  local  transit  planning 
studies  for  the  communities  of  Craig,  Meeker,  Rangely  and  Rifle 
should  be  initiated. 

2  Between  Communities 

Rangely  is  not  currently  served  by  intercity  transit  services.  The 
privately-owned  systems  in  the  region  should  be  requested  to 
investigate  the  Rangely  market.  It  appears  that  there  is  a  need  to 
provide  an  intercity  service  to  Rangely.  The  growth  of  Scenario  II 
should  encourage  the  private  market  to  increase  levels  of  service  in 
other  areas. 

3  Elderly  and  Handicapped 

Vehicle  needs  for  specialized  elderly  and  handicapped  services 
throughout  the  region  are  estimated  in  the  near-term  at  eight  vans 
with  an  estimated  capital  cost  of  3128,000.  Transit  services  should  be 
developed  to  meet  these  needs.  Annual  operating  expenses  for  these 
new  vehicles  total  approximately  S72.0C0.  These  ccsts  are  detailed 
in  the  Colorado  Department  of  Highways  report  entitled  "Specialized 
Transportation  Service  Coordination  Study." 

4  Major  Employer  Work  Trips 

A  significant  portion  of  the  commuting  trips  of  the  region's  energy 
workers  and  the  workers  for  other  major  employers  should  be  carried 
in  high  occupancy  vehicles  —  vanpools.  carpools  and  special  buses. 
An  aggressive,  coordinated  approach  to  providing  these  trips  in  the 
Axial.  Parachute.  Roan,  and  Piceance  Creek  Basins,  should  be 
investigated. 

Air  System  Recommendations 

The  recommended  regional  airport  system  includes  Grand  Junction 
and  Hayden  as  large  and  small  air  carrier  airports,  respectively.  The 
other  four  airports  will  become  commuter  service  facilities,  although 
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Table  L  Recommended  Airport  Imorovements 


Rifle  may  develop  into  a  small  air  carrier  airport  also  with  the 
potential  for  service  by  Aspen  Airways.  The  five  airports  smaller  than 
Grand  Junction  are  not  likely  to  be  tied  strongly  to  Grand  Junction. 
The  commuter  service  airports  will  probably  develop  some  service 
to /from  Denver. 

The  recommended  specific  actions  with  respect  to  regional 
airport  system  development  are  as  follows: 

1     Continue  development  of  Grand  Junction  and  Hayden  as  the  large 
and  small  air  carrier  (AC)  airports,  respectively. 

»2    Develop  Rifle  as  a  commuter  service  (CS)  airport  with  potential 
for  small  air  carrier  service.  Develop  the  Rifle  Airport  to  Basic 
Transport  (BT)  standards. 

3  Develop  the  Rangely,  Meeker',  and  Craig  airports  as  commuter 
service  airports  in  the  Basic  Transport  design  category.  ' 

4  Implement  as  many  of  the  airport  improvements  shown  on  Table  L 

as  possible.  These  improvements,  which  total  S45  million  in  cost,  J 

are  nearly  all  from  the  Phase  I  (0  to  5  years)  development  schedules  ' 

from  the  individual  airport  master  plans.2 

5  Updare  the  individual  airport  master  plan  reports  as  necessary  to         J 
respond  to  continued  energy  development.  ' 

Table  L  summarizes  the  projected  capital  needs  for  the  runway, 
taxiway  and  terminal  improvements  described  in  Chapter  4. 


f 
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Improvement  Element*  Estimated 

Airport  Phase  I  (0-5  Years)  Aggregate 

Cost  1973 
Dollars 
Grand  Junction  Expanc  rew  air  carrier  apron;  construct  new  terminal  Ouiiqirg.      S16.3  million 

access  roacs.  anq  auto  parking:  overlay  run  A/ay  i 1  23.  taxiway. 

aoron;  expand  general  aviation  aorcn;  acquire  lano. 
Hayden  Overlay  expand  aoron;  widen;3trengtnen  runway  10.23.  5  9.* 

connecting  taxiways;  acquire  land;  extend  runway  10.28; 

construct  parallel  taxiway. 
Rifle  Overlay  runway  7  25;  expanc  apron;  construct- connecting  S  6.4 

taxiway;  install  utilities,  fuel  facilities;  relocate  Buildings: 

construct  new  runway  9/25.  parallel  taxiway:  install  navaics; 

acquire  l3nd;  construct  CF3  builcir.g;  acquire  venic:e.  1 

Rangely  Acquire  land:  relocate  rcao:  extend  runway  5/24  and  parallel  S  15  : 

taxiway.  install  non-qirecticnai  beacon. 
Meeker  Acquire  land:  extend'wicen  runway  3,21;  expand  apron,  3  2.3 

construct  parallel  taxiway,  | 

Craig  Overlay  runway  taxiway.  apron;  acquire  land;  extend  runway         S  3.4 

7  25.  construct  carailei  taxiway.  *- 

Total  >i5.3  million 

Source,  isfci'l  Associates,  inc..  T3A.  Inc.  | 

— —       I        ii     iiiiihuiiiii   ,n»»»«»«lin  un    I    i       hit— —»———«  ■  »■■  I  II      -»t-»j»»— «TJ       I 

Rail  System  Recommendations 

The  specifics  of  any  rail  system  improvements  are  within  the 
province  of  the  railroacs  and  their  customers.  However,  because  of 
the  effect  of  rail  service  on  highway  needs  and  the  potential  to 
reCuce  highway-relateC  community  impacts,  we  recommend  that  rail     , 

1  Mee*er  sconsor  may  'e'ccate  airport  ! 

2  A  pre-aopiicanon  for  520  million  in  FAA  lur.qs  was  supmitted  oy  'he  WaKer  Field  iGnno 
Junction  P'^oi.c  Airport  Authority  to  tne  FAA  in  Cacemcer  1979.  Trie  pre-aoplicaiicn 
improvement  items,  if  mergeo  witn  tne  items  jt-icwn  en  Taole  L.  total  529 .7  million.  The  \ 
pre-appucation  izn  not  incuoe  tne  ne.v  terminal  construction   out  Joes  aao  je<.e<-al  C.r.er 
items. 
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service  be  provided  to  Superior  by  the  time  that  it  reaches  estimated 
1990  production  levels.  This  improvement  is  summarized  in  Table  M. 
It  would  appear  that  the  most  likely  way  of  achieving  this  is  extending 
the  D&RGW  Craig  line  from  its  current  terminus  at  COLOWYO, 
potentially  in  stages  depending  on  the  actual  level  of  development  of 
coal  mines  north  of  Meeker.  However,  other  rail  connections  to  these 
energy  sites  could  have  similar  beneficial  impact  on  the  highway 
needs.  For  example,  a  Union  Pacific  extension  south  from  Wyoming 
and  into  the  area  could  potentially  serve  the  needs.  Permits  for  new 
or  expanded  energy  development  activities  should  be  keyed  to  the 
availability  of  either  rail  or  pipeline  systems. 

Table  M    Recommended  RailTmprovements 


Recommended  Improvement 

Year 
Ready 

•  Trigger 

Reaoon- 
sibility 

Capital 

Cost 

1979$ 

Rail  to  Superior  (from  Axial) 

19S0 

Projected  1S90  shale 
oil  and  by-product 

Private 

S60-S100M 

Source:  TDA. 

Pipeline  System  Recommendations 

It  is  important  from  the  standpoint  of  the  regional  highv/ay  system 
and  community  impact  that  production-level  oil  shale  facilities  be 
served  by  pipelines.  Construction  of  these  pipelines  will  be  a  private 
sector  responsibility.  The  public  sector  is  involved  through  the  permit 
process  and  the  provision  of  rights-of-way  across  public  land. 
Probaoly  the  economics  of  oil  transportation  will  require  shipment  by 
pipeline  in  any  event,  but  even  interim  periods  of  hauling  by  truck 
would  seriously  impact  the  highway  system.  Therefore,  we 
recommend  that  no  plant  be  permitted  to  produce  more  than  15,000 
barrels  a  day  without  shipment  by  pipeline.  Also,  to  the  extent 
physically  and  economically  practical,  common  carrier  pipelines  and 
joint  use  of  utility  corridors  should  be  encouraged  as  a  means  of 
minimizing  environmental  disruption. 

Electric  Transmission 

No  further  mine-mouth  generation  was  projected  in  growth  Scenario 
II.  Any  additional  electric  transmission  lines  to  be  built  should  be 
located  in  joint  utility  corridors,  to  the  extent  possible. 

Recommendations  by  Responsible  Agency 

Even  though  the  sponsor  of  this  study  is  the  Colorado  West  Area 
Council  of  Governments,  the  plan  involves  the  actions  of  several 
different  "clients."  Because  responsibility  for  various  parts  of  the 
plan  rest  with  the  towns  and  cities,  the  counties,  the  State,  the 
Council  of  Governments,  and  the  energy  projects  themselves,  this 
section  will  summarize  recommendations  by  "client." 

Regional  (Coloraco  West  Area  Council  of  Governments) 

1  Assist  Garfield  and  Rio  Blanco  Counties  in  adopting  a  Piceance 
Creek  Roadway  Plan  and  in  establishing  minimum  standards  for  any 
road  improvements  in  that  area. 

2  Consider  the  creation  of  a  regional  service  authority  for  transit,  as 
enabled  under  the  Regional  Service  Authority  Act  of  1972  (C.R.S., 
1973.  32-7).  The  transit  needs  of  the  Colorado  West  region  cross 
county  boundaries.  Therefore,  there  is  a  need  for  a  regional 
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perspective.  A  regional  service  authority  could  serve  as  a  "broker"        r 
for  the  many  transit  service  markets  in  the  Colorado  West  Region.         | 
This  agency  would  coordinate  both  private  and  public  sector 
transportation  as  well  as  operate  some  services  not  provided  by  ^ 

other  entities  or  companies.  As  a  first  step  toward  this  end,  the 
CWACOG  should  apply  to  the  Urban  Mass  Transportation 
Administration  (UMTA)  for  Section  9  funds  to  complete  a  region-wide 
transit  development  program  (TOP).  This  TDP  could  detail  the 
regional  transit  needs  of  the  intercity,  elderly  and  handicapped,  and 
worker  trip  markets.  Specific  consideration  should  be  given  to  the 
needs  of  the  Grand  Junction,  Fruita.  Palisade  area.  The  intracity 
needs  of  Craig.  Meeker,  Rangely,  and  Rifle  should  also  be 
investigated  at  that  time. 

3  .     Establish  a  process  for  continuing  update  of  the.Regional 
Transportation  Plan.  Scenario  II  represents  today's  "best  guess"  of 
energy  development,  but  almost  certainly  there  will  be  changes. 
Because  rail,  pipeline  and  electric  transmission  lines  are  generally 
controlled  by  the  private  sector,  the  update  process  need  only 
address  the  critical  issues.  For  example,  a  change  in  energy 
development  could  change  the  timing  and  need  for  improvements. 
Particular  attention  should  be  paid  to: 


•  The  possible  lag  time  between  beginning  of  production  and 
availability  of  the  long-term  product  transportation  mode  —  rail 
or  pipeline. 

•  The  timing  of  need  compared  to  that  of  available  revenues. 
••Any  unusual  requirements  of  the  construction  period.  For  I 

example,  use  of  a  short  section  of  highway  to  connect  a  borrc.     / 
pit  or  gravel  plant  to  the  energy  site  could  have  serious 
short-term  effects  on  traffic  and  long-term  effects  on  pavement     / 
life. 

4  Consider  the  need  for  improved  legislation  allowing  the  oil  shale 
projects  to  prepay  some  taxes.  This  would  make  funds  available 
eariier,  rather  than  after  needs  develop. 

5  Develop  and  adopt  a  financial  strategy  in  conjunction  with  the 
counties  and  cities.  Principles  should  be  established  as  to  which 
source  pays  for  which  needs  and  estimating  likely  levels  of  funding 
by  source. 

6  Conduct  a  highway  traffic  safety  study.  Through  the  course  of  thisi 
regional  transportation  analysis  it  was  clear  that  a  region  wide  safety  I 
study  should  be  conducted  to  identify  specific  safety  improvements 
that  are  currently  needed,  and  will  be  needed  even  mere  as  energy 
development  occurs.  j 
Counties 

1  Through  trie  permitting  process,  recuire  simultaneous  completer 
of  energy  projects  and  their  related  rail  and  pipeline  links.  This  wi 
minimize  product-haul  impact  through  communities  and  en  the 
regional  highway  system. 

2  Garfield  ar,d  Rio  Blanco  Counties  should  adoot  the  P;ceance 
Creek  Basin  Master  Roadway  Flan  for  roacs  and  should  reouire  t. 
any  roads  built  in  that  area,  whether  by  the  energy  projects.  Bureau 
of  Land  Management  or  other  agency,  fellow  this  master  plan  and      I 
meet  adaquate  county  road  stancards.  This  latter  point  is  important 
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i  to  assure  that  the  counties  will  not  be  faced  with  unreasonable 

1  maintenance  costs.  These  standards  should  include  width,  grade, 

curvature,  drainage  and  surface  requirements.  Following  this  plan 

and  road  standards  will  help  to  minimize  maintenance  costs  and 

environmental  costs. 

3  Support  improvements  at  the  region's  airports  to  bring  them  up  to 

rthe  recommended  system  plan: 
•  Grand  Junction  (Walker  Field):  large  air  carrier  airport 

•  Hayden  (Yampa  Valley  Airport):  small  air-carrier  airport 

f«  Rifle  (Garfield  County  Airport):  commuter  service/small  air 
carrier  (Basic  Transport  design  standards) 
•  Craig:  commuter  service  (Basic  Transport  design  standards) 

•  Meeker:  commuter  service  (Basic  Transport  design  standards) 

•  Rangely:  commuter  service  (Basic  Transport  design  standards)  k 

4  Develop  and  adopt  with  CWACOG  and  the  cities  and  towns  a 
financial  strategy  establishing  principles  as  to  which  source  pays  for 

1  which  needs,  and  estimating  likely  levels  of  funding  by  source. 

5  Cooperate  with  the  cities  and  CWACOG  on  developing  plans  and 
,                  providing  services  to  meet  the  region's  transit  needs. 

6  As  a  key  means  of  holding  down  vehicle  miles  travelled,  air 
pollution,  and  transportation-related  government  costs,  formulate 
and  implement  land  use  plans  designed  to  encourage  growth  to 
locate  in  urban  areas  rather  than  scattered  or  sprawled  throughout 
the  counties. 

I  7    Analyze  existing  and  projected  railroad  grade  crossings  in  the 

urbanizing  areas  and  develop  an  action  plan  to  construct  needed 
grade  separations  and  other  safety  improvements. 

.  Cities  and  Towns 

[^  This  study  dealt  with  regional  needs  and  did  not  address  specific 

travel  problems  within  the  communities.  However,  it  is  clear  that 
such  problems  will  be  a  major  impact  of  energy  development.  In 
consideration  of  this,  we  recommend  that  the  cities  and  towns  take 
at  least  the  following  recommended  actions: 

1  Begin  study  of  transit  needs  (see  previous  Transit 
Recommendations);  the  extent  of  actual  need  depends  very  much  on 
specific  local  conditions  and  desires.  This  consideration  should  be 
beyond  city  limits  and  include  the  county  or  the  region. 

2  The  critically  important  relationship  between  community  growth 
patterns  and  traffic  volumes  needs  to  be  understood  and 
emphasized.  Growth  plans  aimed  at  encouraging  concentrated  land 
use  patterns  should  be  formulated  fcr  the  towns  and  cities  in  the 
region.  This  will  minimize  sprawl  and  its  extravagant  dependence  on 
the  automobile. 

3  If  the  region  is  to  follow  through  on  the  goal  to  concentrate 
growth  in  existing  communities,  the  cities  and  towns  should  develop 
institutional  capacity  for  growth,  inducing  the  capacity  to  deal  with 

^  .  .-  their  street  and  highway  problems.  This  will  require  establishment  of 

*      :'  effective  development  project  review  procedures,  street  standards, 

;p  overail  street  plans,  and  financing  of  street  and  signal  improvements. 

!"V^"*»         4    Develop  and  adopt  a  financial  strategy  in  conjunction,  with  the 
-  -counties  and  CWACOG,  establishing  principles  as  to  which  source 


I 


I 


57 


t 


pays  for  which  needs,  and  estimating  likely  levels  of  funding  by 

source. 

Colorado  Department  of  Highways 

1  No  new  regional  highways  are  required  in  the  State  highway  read 
system  in  the  region.  While  the  roadways  will  require  improvement 
over  the  next  twenty  years,  the  present  network  provides  a 
reasonable  pattern  of  connection  among  the  major  activity  areas  of 
the  four-county  region.  Depending  upon  local  traffic  patterns,  truck 
traffic  and  other  conditions,  construction  of  bypass  highways  around 

'*     cities  and  towns  may  be  required. 

Consideration  should  be  given  to  adding  the  Piceance  Creek 
Road  to  the  State  highway  system.  The  current  function  of  the 
roadway  with  respect  to  accommodating  energy  products  and 
employees  is  clear.  Future  energy  activities  will  increase  the  use  of 
this  road  for  energy  development  purposes.  Due  to  the  regional 
nature  of  the  traffic  on  this  road,  the  State  Highway  Department 
should  collect  the  data  required  to  consider  adding  Piceance  Creek 
Road  to  the  State  highway  system. 

2  Complete  the  improvements  scheduled  on  Table  J  or  as  revised  in 
the  continuing  update  of  the  regional  plan. 

3  Cooperate  with  the  CWAGOG  on  continuing  update  of  the 
regional  transportation  plan. 

Energy  Projects 

1  Maximize  shipments  of  products  by  rail  and  pipeline  at  ail  stag?       , 
of  development.  I 

2  Contribute  initial  capital  funds  and/or  prepay  some  taxes  as  a 
means  of  minimizing  lead  time  problems.  '  # 

Federal  Agencies  | 

1  Create  a  fund  for  "Energy"  reads,  serving  energy  sites, 
recognizing  that  their  need  is  a  direct  consequence  of  national  ! 
energy  policy. 

2  Expedite  approvals,  permits  and  leases  for  pipelines  and  rail 
extensions. 

Financial  Considerations 

Previous  sections  of  this  Recommendations  chapter  have 
summarized  costs  for  publicly-owned  transportation  improvements.     J 
Such. costs  will  be  at  least  partially  offset  by  the  direct  and  indirect       *- 
revenues  received  from  energy  resource  development  and  other 
sources  in  the  region.  This  section  describes  potential  sources,  end    I 
overall  financing  strategy  and  specific  financing  considerations  for     L 
highways,  transit  and  airports. 

Fotential  Revenue  Sources  I 

Revenues  can  be  categorized  as  those  which  are  typically  used  to 
fund  local  and  state  government  activities  throughout  Colorado  and 
those  '.vhich  are  unique  to  areas  experiencing  energy  or  other  J 

mineral  development.  i- 

The  following  revenue  sources  are  typically  found  in  the  first 
category:  ( 

•  State  income  taxes 

•  State  sales  and  use  taxes 
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•  State  motor  fuel  tax 

•  State  vehicle  tax 

•  State  gross  ton  mile  tax 

•  Local  property  tax 

•  Local  sales  tax 

The  revenues  from  these  usual  sources  will  help  fund  some  of  the 
government  service  and  facility  needs  in  northwest  Colorado. 
However,  many  studies  have  shown  that  these  revenue  sources  are 
not  adequate  to  fund  the  needed  services  aiicTFacilities  in  a  rapidly 
growing  but  still  sparsely  populated  region.  In  addition,  several  of 
these  revenue  sources  have  problems  which  reduce  their 
effectiveness.  For  example: 

•  Property  taxes  will  increase,  both  directly  because  of  the  value  of 
the  energy  mines  and  plants  and  indirectly  because  of  the  value 
of  the  property  that  will  be  developed  to  support  the  increased 
population.  However,  these  taxes  have  a  one  to  two  year  lag 
between  the  creation  of  the  assessed  value  and  the  payment  of 
the  tax. 

•  In  addition,  the  revenues  gained  from  property  taxes  can  be 
utilized  only  within  the  boundaries  of  the  jurisdiction  which 
levies  the  tax.  In  northwest  Colorado  this  means  that  those  local 
government  jurisdictions  which  have  energy  resources,  mines, 
and/or  plants  within  their  boundaries  can  levy  a  property  tax  on 
them.  However,  there  are  many  local  jurisdictions  which  will  be 
impacted  by  the  development  of  the  resources,  but,  because  they 
do  not  have  such  mines  and /or  plants  within  their  jurisdiction, 
will  be  unable  to  receive  property  tax  revenues  from  them. 

•  Private  residential  and  commercial  developers  will  fund  some  of 
the  urban  street  needs  related  to  growth.  However,  these  funds 
will  not  pay  for  the  ongoing  street  maintenance  costs. 

•  Because  of  inflation,  future  growth  rates  of  revenues  are  very 
uncertain.  For  example,  the  real  value  of  highway  user  taxes  has 
been  declining  rapidly,  even  though  the  number  of  dollars  has 
been  rising  slowly. 

Revenue  sources  utilized  throughout  Colorado  to  fund  local  and 
state  government  activities  will  help  fund  the  needed  services  and 
facilities  in  northwest  Colorado  but  will  be  unable  to  fund  all  of  them 
in  a  timely  way.  This  is  so  because  of  such  problems  as  time  lag, 
taxing  entity  boundary  limitations,  inadequate  revenues  vs. 
increasingly  costly  government  services  and  facilities,  minimal  initial 
local  tax  bases,  and  competition  for  limited  state  revenues  by  more 
populated  regions. 

Because  usual  revenue  sources  were  found  to  be  inadequate,  an 
analysis  was  made  of  the  revenues  unique  to  those  areas 
experiencing  energy  or  other  mineral  development  activities.  These 
revenue  sources  include: 

•  State  Severance  Tax 

•  Federal  Mineral  Leasing  revenues 

•  Oil  Shale  Trust  Fund 

1     State  Severance  Tax 

The  Colorado  Mineral  Severance  Tax  was  established  through  the 
.  ..passage  of  House  Bill  1075  (1977).  Monies  from  this  tax  go  to  one  of 
two  funds  —  the  State  Severance  Tax  Trust  Fund  or  the  Local 
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Government  Severance  Tax  Fund.  The  State  Severance  Tax  Trust 
rune  "is  to  ce  perpetual  ar.c  'r.a'.c  \n  :rus:  as  a  raplaco.Tis.nt  ~i' 
depleted  natural  resources.  The  income  from  the  investment  of  such 
trust  funds  shall  be  deposited  in  the  state's  general  fund."' 

The  funds  in  the  Local  Government  Severance  Tax  Fund  are 
distributed  by  the  executive  Director  of  the  Department  of  Local 
Affairs  upon  the  advice  of  the  Energy  Impact  Assistance  Advisory 
Committee:  These  funds  are  to  be  distributed  on  the  basis  of  85%  to 
"political  subdivisions  socially  or  economically  impacted  by  the 
development,  processing,  or  energy  conversion  of  minerals  and 
mineral  fuels  subject  to  taxation  under  this  article  and  used  for  the 
planning,  construction,  and  maintenance  of  public  facilities  and  for 
the  provision  of  public  services "7  and  15%  to  local  government 
jurisdictions  in  which  mineral  resource  workers  reside. 

The  State  severance  tax  on  oil  and  gas  is  a  relatively  low  yield 
tax.  It  is  a  tax  of  between  2%  and  5%  of  the  gross  income  of  the 
operation  minus  87V20/o  of  the  property  tax  paid  by  the  operation.  The 
tax  on  coal  is  60  cents  per  ton  for  surface  mined  coal  and  30  cents 
per  ton  for  underground  mined  coal.  No  tax  is  levied  on  the  first  , 

8,000  tons  of  coal  produced  in  each  quarter  of  the  taxable  year.  I 

During  the  July  1 ,  1 973  —  June  30.  1 979  period  approximately 
S3,C00,CC0  was  paid  to  the  State  from  these  sources. 

The  Act  also  imposes  a  severance  tax  on  oil  shale.  This  tax  is  to 
be  levied  on  the  "gross  proceeds"  from  each  commercial  oil  shale 
facility  at  a  rate  of  4%  of  such  gross  proceeds.  "Gross  proceeds"  is 
defined  as  the  value  of  the  oil  shale  at  the  point  of  severance  minui 
most  development  and  operating  costs.  This  tax  is  to  be  levied  only 
after  a  commercial  oil  shale  facility  reaches  a  daily  production 
average  of  50  percent  of  its  design  capacity.  5ased  en  these  criteria 
it  is  estimated  that  it  will  be  at  least  12  years  after  the  start  of 
construction  of  an  oil  shaie  plant  before  any  severance  tax  is 
received  from  the  operation  of  the  plant.  After  that  it  is  estimated  that 
S3. 000. 000  to  35. 000, CC0  in  severance  taxes  would  be  derived 
annually  from  a  50.000  barrel  a  day  oil  shale  plant. 

After  July  1.  1931,  50%  of  the  severance  tax  monies  received  from 
coal  and  oil  shale  will  be  allocated  to  the  State  General  Fund  and 
50%  to  the  Local  Government  Severance  Tax  Funa.  Based  upon  the 
production  projections  included  in  this  report,  it  is  estimated  that  at 
the  existing  tax  rates  this  tax  would  yield  approximately  S1 4,000,000 
annually  by  1990.  This  would  be  distributed  as  follows: 

50%  State  General  Fund  —  S7,000.CC0 

50%  Local  Severance  Tax  Fund  —  S7. 000. CC0 

•  15% —  to  local  jurisdictions  where  — S1 .000.000 

the  energy  workers  reside 

•  85%  —  to  political  subaiv;sions  —  36.000.000  [ 

impacted  by  energy  develop-  L 

ment  activities 

2     Federal  Mineral  Leasing  Act 

The  Federal  Coal  Leasing  Amendments  Act  as  amended  requires 
50%  of  the  money  collected  as  bonuses,  rentals  or  royalties  from 
Federal  mineral  leases  be  returned  to  the  State.  The  State  of 

1  House  3ill  !Q76M3771.  Section  39-29-109  (1) 

2  House  3iU  :0<*5  (:97~)  -  Section  33-29-110(1:  ,b) 


L 
L 
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Colorado  distributes  this  money  as  follows: 

25%  —  State  Public  School  Fund 

50%  —  to  the  County  in  which  funds  originate  with  a  maximum  of 

1520,000  to  any  county  in  one  year.  The  balance  then  goes 
to  the  State  Public  School  Fund 
10%  —  Water  Conservation  Board 

F15%  —  Local  Government  Mineral  Impact  Fund  administered  by 
the  Department  of  Local  Affairs 

Approximately  $6,200,000  was  returned  to  Colorado  for  activities 
i        ,        throughout  the  State  under  this  program  between  July  1, 1978  and 
J  June  30, 1979.  '* 

The  coal  royalties  to  be  paid  to  the  Federal  Government  can  be  no 
f&  less  than  12.5%  of  the  selling  price  at  the  mine  month.  Most  leases 

are  selected  on  a  bid  basis  and  obviously  they  only  apply  to  mines  on 
Federal  lands.  These  factors  make  it  impossible  to  predict  reliably  the 
<  revenues  that  would  be  made  available  as  a  result  of  the  Federal  coal 

leasing  program  in  Northwest  Colorado.  However,  in  order  to  get  an 
idea  of  the  potential  size  of  these  funds,  a  theoretical  analysis  based 
upon  the  1990  projections  for  coal  production  in  the  region  was 
made.  The  following  are  the  key  assumptions  and  results  of  this 
'  analysis. 

Assumed  Royalty  Level  —  12.5%  of  selling  price 

i  Assumed  Selling  Price  — $20/ton 

Assumed  Annual  Tonnage  of  —  12,500,000  tons 

,  Coal  Mined  From  Public  Lands 

i'  (2/3  of  tonnage  mined  in  region) 

I  Annual  Royalty  Income  — $31,000,000 

State  Share  —$15,500,000 

|  Portion  of  State  Share  Contributed    —  $2,500,000 

l_  to  the  Local  Government  Mineral 

Impact  Fund 

X  .  3    Oil  Shale  Trust  Fund 

'  -  This  Trust  Fund  was  established  by  House  Bill  1046  (1974).  It  places 

oil  shale  payments  received  by  the  State  from  the  Federal  Mining 
I  Lands  Leasing  Act  cf  1920  into  a  special  fund  appropriated  by  the 

i  General  Assembly  to  state  agencies,  school  districts,  and  political 

subdivisions  for  planning  and  the  provision  of  needed  public  services 
and  facilities.  In  1975  Senate  Bill  54  was  passed  to  allow  the  interest 
(  from  the  investment  of  Oil  Shale  Trust  monies  to  be  used  for  impact 

assistance. 
,  The  Oil  Shale  Trust  Fund  was  initially  funded  through  the  receipt 

of  three  lease  payments  for  the  C-a  and  C-b  sites  totalling 
approximately  S73,300.000.  A  portion  of  these  funds  plus  the  accrued 
-     interest  has  been  utilized  to  fund  state  and  local  plans  and  facilities 
j  ~      in  the  oil  shale  impacted  area  of  Colorado.  As  a  result,  in  early  1979 

I'  .,_  the  Fund  had  a  balance  of  approximately  S59.000.COO  and  interest 

-..       ..       accruing  at  the  rate  of  about  $5,000,000  a  year.  During  the  past 
^  .  .>  several  years  the  appropriations  from  the  Fund  have  been  greater 

A      :.  than  the  accrued  interest.  Therefore  the  appropriations  have 

'^/-  included  both  fund  principal  and  interest. 

}■  Vv-,^  As  additional  oil  shale  activity  occurs  in  the  region  on  public 

*•'   "*•         _  lands,  additional  monies  could  be  aistributed  to  this  trust  fund. 
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However  the  amount  of  these  funds  is  impossible  to  predict.  There 
are  many  variations  and  uncertainties  in  how  such  leasing  would  be 
undertaken  and  how  the  State  would  receive  lease  and  royalty 
payments. 


f    r 


All  three  of  these  sources  offer  the  potential  to  solve  seme  of  the 
government  service  and  facility  funding  problems  in  the  region.  It 
should  also  be  noted  that  none  of  these  are  earmarked  for 
transportation  facilities  and  services.  As  a  result,  transportation  new 
competes  and  will  continue  to  have  to  compete  with  the  many  other 
demands  for  these  funds.  It  is  apparent  that,  at  least  for  now.  the  cost 
of  providing  needed  services  and  facilities  is  rising  faster  than  many 
of  the  revenue  sources.  However,  several  of  the  taxes  such  as  the 
State  Severance  Tax  en  oil  from  oil  shale  and  the  Federal  royalties 
requirements  on  coal  are  keyed  to  energy  resource  prices.  This  may 
help  to  offset  the  inflation  of  costs. 

Eecause  of  this,  this  section  takes  the  approach  of: 

•  Recommending  strategies  for  county  and  regional  consideration 
which,  when  adopted,  may  provide  a  basis  for  ongoing  decisions 
on  assignments  of  sources  of  revenue  to  prioritized 
transportation  projects. 

©  Comparing,  at  least  for  highways  and  airports,  total  costs  with  a  J 

rough  estimate  of  earmarked  funds  that  will  be  specifically  * 
•available  for  these  costs. 

•  Identifying  potential  sources  of  revenues  for  meeting  the  J 
differences  between  expected  costs  and  earmarked  revenues.  ' 

Financing  Strategy 

In  the  face  of  this  kind  of  energy  development  and  growth,  the  towns.  I 
cities  and  counties  are  confronted  with  costs  in  at  least  three 
categories: 

•  Those  that  are  associated  directly  with  the  energy  development; 
for  example,  the  construction  and  maintenance  of  a  road  serving 
an  energy  site. 

•  These  costs  related  indirectly  to  energy  development.  The  . 
employment  needs  of  energy  development  will  result  in  a               ' 
corresponding  increase  in  population  and  thereby  an  increase  in 
the  need  for  facilities  and  services  —  schools,  local  streets,  water! 
supply  and  waste  disposal,  police  and  fire  protection,  and  a  host  L 
of  others. 

•  The  costs  of  normal  growth  and  improvement  that  would  have      | 
been  there  without  the  energy  development.  (_ 

Existing  Lccal  and  State  tax  structures,  at  least  theoretically. 
address  the  needs  of  the  last  category  of  costs.  The  first  two 
categories,  however,  are  not  met  in  a  timely  way  under  the  exi 
tax  structure. 

A  recommencea  aoproach  to  assignments  of  financial  • 

responsibility  for  these  unmet  costs  is: 

1     The  transportation  needs  directly  related  to  energy  development 
snould  be  supported  by  the  energy  projects  tnemselves.  Whether  thij* 
payment  comes  from  the  private  energy  developer  or  the  Feceral 
Government  depends  in  large  measure  at  the  national  level  on  the 
degree  to  which  our  national  synthetic  fuels  program  will  move 
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ahead  in  the  private  sector  versus  how  much  it  will  be  a  Federal 
energy  program. 

2    The  schedule  of  development  is  expected  to  be  more  nearly 
related  to  national  needs  than  the  local  area's  ability  to  absorb  that 
growth.  The  costs  of  providing  services  in  rapid  growth  communities 
are  higher  than  those  with  a  more  orderly  pace  and  the  costs  occur 
much  more  quickly  than  do  the  local  and  state  revenues  that  will  be 
derived  from  that  growth.  Therefore,  the  energy  projects,  whether  by 
private  or  Federal  money,  should  help  support  jDoth  the  extra  costs  of 
rapid  growth  and  the  cash  flow  problems  of  income  lagging  behind 
expense. 

The  following  sections  appty  these  principles  to  the  needs  of 
highways,  transit  and  airports. 


Highway 

Figure  38  presents  a  summary  comparison  of  expected  Capital  needs 
through  the  year  2Q00.  The  first  bar  represents  our  initial  estimates  of 
the  very  minimum  requirements  to  accomodate  Scenario  II  Energy 
Development.  That  is,  it  includes  structural  overlays  and  some  minor 
capacity  improvements.  It  does  not  address  the  safety  improvements 
currently  needed,  or  major  roadway  reconstruction  and  cross  section 
widening. 

The  second  bar  represents  the  amount  of  needs  required  to 
accomodate  the  Scenario  II  Energy  Development  as  described  earlier 
in  this  chapter  and  as  represented  by  the  projects  in  Table  J.  The 
needs  shown  do  not  include  $140  million  for  I-70  because  of  its 
non-typical  nature. 

Figure  39  presents  a  comparison  of  the  recommended  highway 
needs  with  projected  highway  revenues  for  the  four  County  region, 
under  historic  funding-levels.  These  projections  were  based  on 
recent  experience.  Current  Highway  Department  expenditures  on 
non-interstate  state  highways  in  the  area  are  in  the  S2-3  million 
annual  range.  Recent  history  offers  no  prospects  of  a  gradual 
J   >  increase  in  available  funds.  Total  Highway  Department  expenditures 

'  have  been  growing  over  the  last  three  years  at  about  41/2  percent  per 

year.  However,  increases  in  the  ccst  of  highway  construction  have 
led  to  a  12  percent  annual  decline  in  the  vaiue  of  construction  over 
;  the  last  three  years.  The  difficulty  in  projecting  the  difference 

between  inflation  in  highway  construction  and  whatever  increases 
the  State  makes  in  highway  funding  make  long-term  projections 
(  (anything  beyond  a  year)  precarious.  The  projection  of  Figure  33  is 

based  on  an  estimated  current  funding  level  of  about  S2.6  million  a 
year  in  the  four  counties,  projected  to  continue  but  decline  in  vaiue 
from  2.7  to  12.6  percent  a  year  because  of  inflation.  Feceral  aid  up  to 
the  limit  of  the  State's  ability  to  match  it  was  assumed  in  this  revenue 
-     projection. 

As  noted  in  Figure  39.  the  gap  between  needs  and  revenues  is 
-    .  significant.  It  would  amount  to  about  S60  million  by  1985  and 

.  ^    """    .        approximately  S1 80  million  by  the  year  2000  (considering  the  high 
I    '  ..  revenue  estimate).  It  is  the  result  of  not  only  existing  needs,  but  of 

b       .'  those  existing  needs  exacerbated  by  energy  development  and  of  new 

'\-. '  requirements  due  to  energy  development. 

jf^'*'-'.«  We  recommend  that  this  gap  be  filled  by  the  energy  development 

.:"  -O        programs  utilizing  a  ccmDination  of  both  Federal  and  private  funds. 
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The  specific  funding  arrangement  would  most  appropriately  be 
worked  z  -t  at  \'~z  r<=d?rt:l  'evel  with  private  energy  developers.  The 
source  of  the  funding  —  windfall  profits  tax,  leasing  monies  — 
should  be  determined  at  this  level. 
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Figure  38 

Roadway  Needs  to  Meet  Scenario  II  Energy  Development 
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1  Includes  bringing  pavement  structure  to  acceptade 
levels  and  minor  capacity  improvements. 
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Figure  39 

Highway  Needs  vs  Projected  Revenues  Through  Year  2C00 
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Roadway  Needs 
Source:  IDA  Inc. 


Transit 

Potential  sources  of  transit  funds  are  identified  in  Table  N.  In  general, 
funding  would  have  to  come  from  local  and  Federal  sources.  There 
are  no  significant  sources  of  State  funding  for  general  public  transit, 
but  some  State  agencies  do  have  money  for  elderly  and  handicapped 
services.  Local  sources  of  funds  would  come  from  user  fares,  sales 
and  property  taxes,  and  employer  subsidization.  Federal  sources  of 
funds  include  the  Urban  Mass  Transportation  Administration  (UMTA) 
and  the  Department  of  Health.  Education,  and  Welfare  (HEW)  for 
general  public  transit  and  specialized  elderly  and  handicapped 
services,  respectively. 

Airports 

There  are  a  number  of  sources  of  funds  which  can  be  considered  for 
developing  the  recommended  airport  improvements. 

1     FAA  Airport  and  Airway  Development  Act  of  1970.  as  amended  in 
*197S.  FAA  participates  for  SO  percent  of  the  cost  of  most  eligible 
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Table  N    Finance  Options  Regarding  Transit 


Source 

Stat* 

1.  There  exist  apcrcx;mate!y 
four  programs  sponsored  by 
various  State  agencies  for 
specialized  elderly  and 
handicapped  services. 

Federal 

1.  UMTA  -  Section  3 

Section  9 
Section  1Stb)2 
Section  18 

2.  There  exist  approximately 
100  programs  acmimstered  Oy 
various  Federal  agencies  for 
specialized  elderly  and 
handicapped  transportation 
services. 


Applicability 
Capital  and  Operating  — 
Elderly  ano  Handicapped 


Estimated 

Annual 

Yield 

Unknown 


Likelihood 
Good 


Capital  •  General  Services 

Planning 

Capital  •  Elderly  4  Handicapped 

Capital  4  Operating  -  Rural 

Areas 

Capital  4  Operating  • 

Elderly  and  Hancicapped 


Unknown 

Fair 

Unknown 

Good 

-  — 

Committed 

S62.0C0 

Committed 

Unknown-. 

Very  good. 

some  already 

being  used 

improvements.  The  available  funds  are  distributed  approximately  as 
follows: 

•  One-third  to  air-earner  airports  based  on  passenger 
enplanemems 

•  One-third  to  general  aviation  airports  through  statewide 
allocations 

•  One-third  discretionary  which  mere  often  goes  to  air  earner 
airports  J 

2  Oil  Shale  Impact  Trust  Fund  is  supposed  to  aid  communities  that 
are  directly  impacted  by  oil  shale  development.  These  funds  could  be  ( 
used  for  airport  development,  but  competition  for  these  monies  is 
great.  *■ 

3  The  Federal  Economic  Development  Agency  (EDA)  aids  small  , 
towns  in  community  development  projects.  Airports  can  be  eligible 
for  EDA  monies. 

4  The  Public  Works  and  Development  Act  of  1S65  makes  Federal 
funds  available  to  economically  depressed  communities  through  the  i 
Four  Corners  Regional  Commission.  The  Commission  has  aided  in 
airport  development  projects,  and  currently  has  an  interest  in  air 
commuter  service  within  the  Four  Corners  Region.  J 

5  Local  business  and  industry  that  benefit  from  airport  development 
are  a  potential  source  of  funds. 

The  FAA  s  Airport  and  Airway  Development  Act  provides  the 
greatest  amount  of  funas  for  airport  development.  However,  the 
airport  cevelopment  needs  of  the  nation  greatly  outweign  the 
funding  ability  of  this  Act.  The  current  legislation  expires  on  October  I 
1.  1980.  Several  programs  have  been  proposed  to  fund  airport  *-• 

cevelcoment  after  that  date,  bu;  it  is  too  early  to  determine  wmch  of 
the  prcoosals  is  likely  to  survive.  However,  the  general  expectation   s| 
that  a  new  program  would  at  least  continue  the  current  funding        ?IL 
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METHODOLOGY  * 

REGION  XI  POPULATION  PROJECTIONS 
The  population  projections  contained  within  this  report  were  conducted 
by  the  Colorado  West  Area  Council  of  Governments  in  July,  1980.   The  population 
projections  were  derived  from  a  computer  model  which  incorporated  the  following 
factors  into  its  calculations: 

-  1980  population  estimates  which  are  based  upon  preliminary  U.S.  Census 
housing  counts  with  assumed  vacancy  rates  of  3  to. 4  percent  and  associated 
family  multipliers  for  incorporated  communities  and  counties. 

-  baseline  (scenario  I)  population  projections  which  reflect  a  revision 
of  earlier  baseline  projections  which  were  based  upon  .1960-1977  U.S. 
Census  data.   The  revised  baseline  utilizes  actual  vital  rates  (births 
and  deaths)  and  historical  migration  rates  to  obtain  the  baseline 
natural  growth  (without  energy  development)  for  the  1980-2000  period. 

-  energy  company  base  worker  employment  projections  with  accompanying 
family  multiplier  of  (2.71). 

-  base  worker  distributions  assigned  by  community  and  county. 

-  non-base  support  worker  multipliers  (which  range  from  .1  to  2.0)  with 
accompanying  family  multipliers  (3.04). 

-  cohert  survival  factors.  * 

The  population  data  within  this  report  includes:  1977  special  census,  19S0 
population  estimates,  preliminary  U.S.  Census  housing  counts,  and  population 
projections  for  each  impacted  county,  community  and  balance  of  county  (B.O.C.) 
within  Region  XI  for  the  years  1980-19S5,  1990,  and  the  year  2000.   There  are 
three  seperate  population  growth  scenarios. 

The  population  projection  scenarios  are  as  follows: 

Scenario  I  -  Normal  population  growth  without  energy  development  or  other 

f 

*  Seperate  projections  are  available  for  elderly  and  school  age  children. 
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major  short  term  growth  factors. 

Scenario  II  -  Energy  development  projected  with  coal  and  oil  shale  develop- 
ment as  is  currently  planned  (see  below  for  list  of  companies) .  . 
Scenario  III  -  Energy  development  projected  with  energy  development  at 
a  high  level  of  production  of  shale  oil,  450,000  barrels  a  day  by  1990 
and  640,000  barrels  a  day  by  the- year  2000;  and  a  coal  production  level 
of  26  million  tons  £er  year  by  1985  and  34  million  tons  per  year  by  the 
year  2000. 

Scenario  III  is  based  upon  the  President's  proposed  program  for  synthetic 
fuel  development  with  production  levels  for  shale  oil  as  noted  above.   The 
Scenario  III  population  figures  have  been  accepted  by  the  U.S,  Environmental 
Protection  Agency  and  provide  the  basis  for  the  revised  and  officially  approved 
208  EPA/BEA  population  projections  for  the  State  of  Colorado. 

It  should  be  noted,  however,  that  Scenario  II  has  been  selected  by  the 
Colorado  West  Area  Council  of  Governments  Board  as  the  Region's  officially 
endorsed  population  projections.   Scenarios  I  and  III  are  provided  in  order  to 
provide  a  reference  point  and  a  range  of  population  growth.   Scenario  II  is 
selected  because  it  reflects  the  stated  plans  of  the  various  energy  companies 
which,  either  are  actively  involved  in  development  operations,  or  are  actively 
pursuing  development  plans  in  Region  XI. 

Both  Scenarios  II  and  III  of  this  report  reflect  the  total  population 
actually  needed  (both  basic  and  non-basic  support)  to  adequately  accommodate 
anticipated  energy  development  and  secondary  services.   Therefore,  Scenarios 
II  and  III  in  essence  reflect  what  the  population  should  be  for  the  area  to 
properly  function  and  not  necessarily  what  might  actually  occur.   Actual 
population  levels  could  vary  greatly  depending  upon  a  multitude  of  variables, 
the  main  variable  being  the  energy  companies  actual  work  force  scheduling,  and 
in  particular,  the  level  of  effort,  program  development,  and  commitment  of 


resources  to  adequately  support  the  level  of  growth  required  to  meet  energy 
company  production  schedules.   Unless  major  accommodation  efforts  are  con- 
tinued and  expanded,  serious  problems  can  be  anticipated  from  1981  through  1984 
for  the  Region  as  a  whole  and  particularly  in  the  Rifle/Meeker  growth  impacted 
area. 

The  energy  company  work  force  projections  which  were  utilized  in  the 
preparation  of  Scenario  II  population  projections  include  companies  with 
expansion  and/or  development  plans  and  are  as  follows: 

C-a  Rio  Blanco  Oil  Shale  Project  (Gulf  and  Standard) 
C-b  Cathedral  Bluffs  Shale  Oil  Company  (Occidental  and  Tenneco) 
Colony  Oil  Shale  Project  (Arco/Exxon  and  TOSCO) 
Union  Oil  Shale  Project 

Superior  Oil  Shale  and  Minerals  Project 
Snow  Mass/Anshutz  Coal 
Colowyo  Coal 
Northern  Minerals  Coal  . 

New  Coal  (Leasing  and  Expansions  as  proposed  as  part  of  BLM's  Hams- 
Fork  Green  River  E.I.S.) 
Ancillary  Basic  Response  Development  in  Mesa  County 
■  "■  ■   Colorado  Ute  Power -Plant 
Utah  International 
GEX/CMC  Coal 
Sheridan  Coal 
Energy  Fuels 
Mid-Continent  Mesa  II 
Moon  Lake  (Power  Plant  and  Coal) 
Storm  King 

The  population  projections  contained  within  this  report  are  an  update  of 
previously  prepared  growth  monitoring  efforts  conducted  by  the  Colorado  West 
Area  Council  of  Governments.   Region  XI  of  Colorado  contains  the  counties  of 
Rio  Blanco,  Garfield,  Mesa,  and  Moffat.   According  to  the  1977  Special  Census, 
the  Region's  population  was  101,051.   Based  upon-  "preliminary"  1980  U.S.  Census 
housing  data,  there  are  48,626  housing  units  in  Region  XT.   At  a  three  percent 
vacancy  rate  and  by  applying  the  2.7  family  multiplier  (47,167  occupied  units 
X  2.7),  an  unofficial  CWACOG  population  estimate  for  Region  XI  produces  a  figurv 
of    127,350  people  in  January  1980.   This  figure  compared  to  the  101,051  1977 


Special  Census  figure  is  illustrative  of  the  type  of  growth  the  Region  has 
been  experiencing  in  only  the  beginning  phases  of  oil  shale  development. 
With  major  oil  shale  development  activities,  the  Region's  population  is  antici- 
pated to  nearly  double  by  1985.   Most  of  the  growth  will  occur  in  the  Grand 
Junction  area  of  Mesa  County.   However,  it  is  also  anticipated  that  Garfield 
County,  and  in  particular  the  City  of-  Rifle,  will  experience  the  most  dramatic 
growth  by  1985.   The  already  heavily  growth  impacted  Moffat  County/Craig  area 
will  continue  to  experience  growth  pressures,  while  Rio  Blanco  County,  currently 
the  smallest  in  population,  could  more  than  quadruple  in  population  by  1985. 

These  projections  clearly  point  to  the  need  for  extensive  preparation  in 
order  to  deal  with  the  tremendous  growth. pressures  generated  by  large  scale 
energy  developments.   Each  county  within  Region  XI  in  conjunction  with  the 
Colorado  West  Area  Council  of  Governments  has  initiated  a  comprehensive  impact 
mitigation  process.   The  impact  mitigation  process  includes  county  and  municipal 
comprehensive  planning,  capital  improvements  programming,  and  an  impact  com- 
mittee structure  comprised  of  county  impact  advisory  groups  and  county  core 
groups  which  assess  community  and  county  needs  and  resource  requirements.   The 
purpose  of  this  report  is  to  provide  the  best  information  available  in  facili- 
tating the  impact  mitigation  process  within  Region  XI. 

SPECIAL  NOTE: 

If  you  should  have  any  questions  concerning  these  population  projections, 
please  feel  free  to  contact  the  Colorado  West  Area  Council  of  Governments, 
Box  351,  Rifle,  CO   81650,  (303/625-1723).   Additional  information  can  be 
made  available  on  an  individual  basis,  including  such  information  as  1977 
Census  data,  economic  data,  current  population  projections  for  elderly  and 
school  aged  children,  CWACOG  Growth  Monitoring  Reports  of  previous  years,  and 
background  in format ion  utilized  in  the  compilation  of  this  report. 


GARFIELD   COUNTY 


1977  SPECIAL  CENSUS  /* 


18S00 


1980  ESTIMATE  FOR  JANUARY  1 
HOUSING  UNIT  COUNT   - 


22162 
9139 


End  of 
Year 


II 


III 


1980 


19985 


23013 


1981 


20524 


27837 


1982 


21264 


36494 


19S3 


21709 


45440 


1984 


22247 


53265 


1985 


23178 


55694 


66126 


1990 


25823 


64379 


70967 


1995 


29731 


68854 


2000 


33911 


75566 


97873 


CARBONDALE 


1977  SPECIAL  CENSUS  1644 

1980  ESTIMATE  FOR  JANUARY  1  1945 

HOUSING  UNIT  COUNT  829 


End  of 

Year  I   "  -  II 


1980  1797  1970 

1981  1992  2240 

1982  2387  2795 

1983  2487  2897 

1984  2687  3100 

1985  3287  3702 
1990  4387  4815 
1995  6887  7328 
2000  9612  10066 


GLENWOOD  SPRINGS 


1977  SPECIAL  CENSUS  4091 

198G  ESTIMATE  FOR  JANUARY  1  4283 

HOUSING  UNIT  COUNT  2103 


End  of 

Year  I  II  •  .    Ill 


1980  4315  4419 

1981  ,.  4391  4672 

1982  4465  5091 
1933  4539  5470 

1984  4609  5655 

1985  4676  5578  8098 


1990 


4977  5794  9493 


1995  5240  6045 

2000  5529  6358  128A1 


NEW  CASTLE 


1977  SPECIAL  CENSUS'  543 

1980  ESTIMATE  FOR  JANUARY  1   ,  613 

HOUSING  UNIT  COUNT  '  253 


End  of 

Year  I  -II  III 


1980  565  773 

1981  573  871 

1982  581  1025 

1983  5S8  1199 

1984  .  596  .  1317 

1985  603  1294  1449 
1990  633  1515  1800 
1995           '    "  664  1530 

2000  706  1598  2075 


PARACHUTE 


f 


1977  SPECIAL  CENSUS 


377 


I960  ESTIMATE  FOR  JANUARY.  1 
HOUSING  UNIT  COUNT 


334 
138 


End  of 

Year 


II 


III 


1980 


389 


448 


1981 


394 


882 


1932 


399 


1364 


1983 


405 


1723 


1934 


410 


1865 


1985 


416 


1703 


6142 


1990 


448 


2508 


11099 


1995 


482 


2523 


2000 


516 


2618 


16742 


RIFLE 


1977  SPECIAL  CENSUS  .-  2244 

1980  ESTIMATE  FOR  JANUARY  1  3540 

HOUSING  UNIT  COUNT  1352 


End  of 

Year  I  II  III 


1980  2316  3933 

1981  2341  5661 

1982  2367  '  8492 

1983  2394  12516 

1984  2421  18113 

1985  2448  19573  22060 
ig90  .  2585  23710  23710 
1995  2723   •  22934 

2000  2870  23687  '  25159 


NEW  COMMUNITY 


BATTLEMENT  MESA 


End  of 
Year 


II 


III 


19S0 


5S9 


MA 


1981 


2078 


1982 


5499 


1983 


8443 


1984 


9170 


1985 


9555 


1990 


10644 


1995 


12252 


2000 


13979 


SILT 


1977  SPECIAL  CENSUS -~  •  859 

1980  ESTIMATE  FOR  JANUARY  1   ^  894 

HOUSING  UNIT  COUNT  -  338 


Ead  of 

Year  I  II  III 


1980  896  1079 

1981  912  1268 

1982  :"  927  "  1547 

1983  943  1943 

1984  960  2297 

1985  977  2361  3392 
1990  ■  1066  2595  3621 
X995  1152  "  2626 


2000  1232  2750  3934 


GARFIELD  BOC 


End  of 

Year  I  II  III 


1980  9707  9792 

1981  9921  10165 

1982  10138   ,  10681 

1983  ...  10353  11249 

1984  10564  11748 

1985  10771  11928  20359 
1990  11727  12798  20097 
1995  12583  13616 

2000  13446  14510          26171 


MESA  COUNTY 


1977  SPECIAL  CENSUS 

1980  ESTIMATE  FOR  JANUARY.  1 
HOUSING  UNIT  COUNT 


66848 

78793 
32187 


End  of 
Year 


II 


III 


1980 


70687 


79540 


1931 


71992 


82730 


1982 


73301 


90319 


1983 


7.4614 


99218 


1984 


75921 


111787 


1985 


77221 


118745 


120156 


1990 


1995 


83428 
89231 


132308 


137842 


14385' 


2000 


95128 


145198 


19048-' 


GREATER  GRAND  JUNCTION  * 


GRAND  JUNCTION  CITY  LIMITS 
1977  SPECIAL  CENSUS' 


25398 


1980  ESTIMATE  FOR  JANUARY  1 
HOUSING  UNIT  COUNT 


28670 
12444 


End  of 
Year 


II 


1980 


56829 


63826 


1981 


57908 


66191 


1982 


58988 


71943 


1983 


60067 


78998 


1934 


61136 


89144 


1985 


62193 


94817 


1990 


67170 


106040 


1995 


71781 


110334 


2000 


76506 


116216 


Figures  include  Grand  Junction  and  surrounding  unincorporated 
suburban  area. 


C0LL3RAN 


1977  SPECIAL  CENSUS^  293 

1980  ESTIMATE  FOR  JANUARY  1  321 

HOUSING  UNIT  COUNT       »  160 


End  of 

Year  I  II 


1930  324  324 

1981  340  340 

1982  r  •     356  356 

1983  372  372 


1984 


1985 


1990 


1995 


2C00 


3SS  388 

404  404 

484  .               484 

565  565 

645  645 


DE  BEQUE 


1977  SPECIAL  CENSUS 


264 


1980  ESTIMATE  FOR  JANUARY  1 
HOUSING  UNIT  COUNT 


324 
135 


End  of 
Year 


II  * 


III 


1980 


268 


325 


1981 


272 


428 


1982 


276 


657 


1983 


280 


872 


1984 


285 


945 


1985 


290 


795 


1753 


1990 


315 


757 


1754 


1995 


339 


772 


2000 


361 


807 


2240 


Does  noc  include  possible  Chevron  Oil  Shale  project. 


FRUITA 


1977  SPECIAL  CENSUS 


2328 


1980  ESTIMATE  FOR  JANUARY  1 
HOUSING  UNIT  COUNT 


3034 
1032 


End  of 
Year 


II 


1980 


2435 


3810 


1931 


2473 


4315 


1982 


2512 


5413 


1983 


2551 


6620 


1984 


2592 


8509 


1935 


2633 


9532 


1990 


2851 


10884 


1995 


3030 


11098 


2000 


3324 


11634 


PALISADE 


1977  SPECIAL  CENSUS 

1980  ESTIMATE  FOR  JANUARY. 1 
HOUSING  UNIT  COUNT 


1083 

1437 
680 


End  of 
Year 


II 


III 


1980 


1435 


1687 


1981 


1982 


1438 
1442 


1704 
18S9 


1983 


1447 


1996 


1984 


1452 


2157 


1985 


1990 


1458 


1492 


2261 


2354 


3445 
9937 


1995 


1528 


2416 


2000 


1573 


2488 


13020 


MESA  30C 


End  of  /*    . 

Year  I  II 


1980  10120  9892 

1981  10301  10092 

1982  10483  10417 

1983  10&69  10732 

1984  10856  11032 

1985  11047  11340' 
1990  12000  12273 
1995  12903  13172 
2000  13764  14053 


RIO  BLANCO  COUNTY 


1977  SPECIAL  CENSUS 


5100 


1980  ESTIMATE  FOR  JANUARY  1 
HOUSING  UNIT  COUNT 


6090 
2144 


End  of 
Year 


II 


III 


1980 


5324 


6111 


1981 


5402 


9230 


1982 


5480 


12002 


1983 


5558 


14343 


1984 


5635 


16806 


1985 


5710 


19392 


40501 


1990 


6067 


25703 


35881 


1995 


6382 


25613 


2000 


6678 


26484 


44302 


MEEKER 


1977  SPECIAL  CENSUS 

1980  ESTIMATE  FOR  JANUARY  1 
HOUSING  UNIT  COUNT 


1848 

2606 
950 


End  of 
Year 


II 


III 


1980 


1886 


2615 


1981 


1900 


3650 


1982 


1983 


1914 
1928 


4861 


7031 


1934 


1943 


9077 


1985 


1958 


10693 


16745 


U-90 


2044 


14179 


14179 


1995 


2134 


14104 


2000 


2220 


14548 


16593 


RANGELY 


1977  SPECIAL  CENSUS 


1871 


1980  ESTIMATE  FOR  JANUARY  1 
HOUSING  UNIT  COUNT 


1960 
741 


End  of 
Year 


II* 


III 


1930 


2006 


2026 


1981 


2050 


4049 


1982 


2093 


5517 


1933 


2136 


5602 


1-984 


2173 


5919 


1985 


2218 


6826 


14088 


1990 


2387 


9539 


10237 


1995 


2526 


9428 


2000 


2666 


9774 


12708 


Figures  include  the  Moon  Lake  (Deseret)  Coal  Mine  and  Power  Plan! 
being  located  in  the  Ransely  area. 


RIO  BLANCO  BOC 


End  of 
Year 


II 


III 


1980 


1432 


1470 


1981 


1452 


1531 


1982 


1473 


1624. 


1983 


149-' 


1710 


1514 


1810 


1985 


1534 


187: 


9668 


1990 


1636 


1985 


11519 


1995 


1722 


2081 


2000 


1792 


2162 


15001 


NOTE: 

Moffat  County  figures  still  in  process  of  being  developed.   If  you 
desire  to  receive  the  Moffat  County  figures,  please  contact  the 
CWACOG  Office  (625-1723). 


/   ' 


% 


' 


1 


